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1. 0 EXECUTIVE SUMMARY 

1.1 Introduction 

This report is the result of a study commissioned by the U.S. 
Environmental Protection Agency to assess the "Industrial Hazardous Waste 
Practices--Textiles Industry," which is one of a series of industry studies 
by the Office of Solid Waste Management Programs, Hazardous Waste Manage
rrent Division. The studies were conduct_ed for information purposes only and 
not in response to a Congressional regulatory mandate. As such, the studies 
serve to provide EPA with: (1) an initial data base concerning the current 
and projected types and quantities of industrial wastes, applicable treat
rrent and disposal technologies and their associated costs; (2) a data base 
for technical assistance activities; and (3) a background for guidelines 
development work pursuant to Section 209 of the Solid Waste Disposal Act 
as anended. 

The definition of "potentially hazardous waste" in this study was 
developed based upon contractor investigc~tions and professional judgrrent. 
This definition does not necessarily reflect EPA thinking since such a 
definition, especially in a regulatory cont.ext, must be broadly applicable 
to widely differing types of waste streams. 'I'he presence of a toxic, 
flanmable, explosive or. reactive substance should not be the major deter
minant of hazardousness if there are dat.a to represent or illustrate actual 
effects of wastes containing these substances in specific envirol1100I1ts. 
Thus, the reader is cautioned that the data presented in this report con
stitute only the contractor's assessment of tl1e hazardous waste management 
problem in this industry. Further, this study has not Jemonstrated that any 
of the wastes from the textiles industry are hazardous. EPA reserves its 
judgments pending a specific legislative mandate. 

This program began on 3 April 1975 and covers the Standard Industrial 
Classification (SIC) 22, the textiles industry. 

The basic objectives of this study are provided in the report in four 
major sections: 

Industry Characterization 

Characterizes the industry with regard to the number, 
location, size, and production of manufacturing 
establishments; 

Waste Characterization 

Identifies and quantifies the total wastes and potentially 
hazardous wastes which are or will be generated by the 
textiles industry in 1974, 1977 and 1983. 
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Treat:rrent and Disposal Technology 

Describes current practices for the treatment and disposal 
of potentially hazardous wastes and determines the control 
technologies which might be applied to reduce potential 
hazards presented by these wastes upon disposal; and 

Cost Analysis 

Estimates the cost for control technology implementation 
and canpares this cost to total sales. 

The individual elements of each of these program phases are presented in 
detail in their respective sections of this report. 

1. 2 Program Methodology 

1.2.1 Data Acquisition 

The data needed for this study were ootained by four different 
rrethods. The first was by reviewing published information and data in the 
technical literature, trade journals, governrrent reports and technical 
surveys which were conducted by the industry associations. These references 
are cited throughout this report and are listed in Section 6.0. 

The second IIEthod involved the participation of the various trade 
associations by info:rming their rnenber carpanies of the objectives of this 
study and requesting their cooperation. As a result, the trade associations 
supplied information to the contractor and also reviewed the progress of 
the work. The Am:rican Textiles Manufacturers Institute (A'IMI), the Carpet 
and Rug Institute (CRI) and the Northern Textiles Association (NTA) partici
pated in the study. 

The third methcxi of data acquisition was by personal contacts and 
visits to eighty textile plants. A better and nore thorough understanding 
of the generation of wastes destined for land disposal fran the textiles 
industry was obtained through personal interviews. The following chart 
sunmarizes the number of plants visited in each of the industry categories 
and percentages of industry category production covered by the visits: 
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Smnnary of Textile Plants Visited by Industry Category 

Percentage of Percentage of 
No. of No. of Plants Category 

Industry CategoEY Plants Visited in Category Production 

A - Wool Scouring 4 24 24 

B- Wool Fabric Dyeing 7 6 6 
and Finishing 

c - Greige Goods 5 0.1 2 

D - Woven Fabric Dyeing 22 3 21 
and Finishing 

E - Knit Fabric Dyeing 20 3 17 
and Finishing 

F - Carpet Dyeing and 11 B 32 
Finishing 

G - Yarn and Stock Dyeing 11 3 5 
and Finishing 

80 1.5% 16% 
'lbtal Average Average 

The fourth nethod of data acquisition was by the sanpling and 
analysis of the wastewater treat:Irent sludges at fourteen plants. Sludges 
were selected by the contractor for analysis because the ccrrp::>si tion of 
this land destined waste fran the textiles industry was uncertain. The 
nUII'ber of plants that were visited and sarrpled in each industry category 
was based on the contractor's and A'IMI's prejudged relative importance of 
the category to the needs of the study. The nurrber of plants sanpled in 
the various industry categories are as follows: 

Industry Category No. of Plants Sanpled 

A-Wool Scouring 1 
B-Wool Fabric Dyeing and Finishing 1 
C-Greige Goods 0 
D-Woven Fabric Dyeing and Finishing 5 
E-Knit Fabric Dyeing and Finishing 3 
F-Carpet Dyeing and Finishing 2 
G-Yarn and Stock Dyeing am.Finishing 2 

Total 14 
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No sampling was done in category C - Greige Goods because this industry 
category performs no dyeing and finishing operations and therefore generates 
no potentially hazardous wastes destined for land disposal. Each plant 
was composite sampled once per week for 4 weeks, taking samples from the 
clarifier underfl<:M. The sludges were analyzed for heavy rretals (preserved 
with nitric acid) and chlorinated organics ( unpreserved) . '!he total mmber 
of samples analyzed was 112. Details on the sampling techniques, analytical 
rrethods and results are presented in Appendix c. 

1.2.2 Data Analysis 

'!he major tasks involved in the data analysis were: 

(a) to revisv the collected data for consistency, sufficiency, 
and probable accuracy; 

(b) to assemble the more reliable data elements into a data 
base sufficient to all<:M rreaningful projections to be 
made; 

(c) to utilize the data base and subsequent waste generation 
factors to allow tabulation of waste quanti ties and other 
data on a state by state, EPA Region and national basis. 

The accuracy of waste quantities for all industry categories is 
estimated to average about ±50 per cent. In cases where Census data or 
data actually rreasured by plant personnel were obtained, the accuracy is 
estimated to be as good as ±10 to 20 per cent. However, most plants never 
weigh or otherwise quantitatively determine their land-destined wastes and 
the values obtained were engineering estimates by plant personnel. Therefore, 
the accuracy of sane estimated values could be greater than ±50 per cent. 

1. 3 Sumnary of the Study 

1. 3 .1 Industry Characterization 

Of the more than 5,000 textile plants in the u.s., 2,007 were 
identified as plants that generate potentially hazardous wastes destined 
for land disposal. These plants were the ones identified that perform 
dyeing and finishing operations which are the source of the potentially 
hazardous wastes. The remaining plants (Greige Goods Manufacture) perform 
only dry operations such as weaving and knitting and do not generate 
potentially hazardous wastes. 

The industry was classified into the seven categories used in the 
EPA effluent limitations guidelines document (8) for this industry. 
These categories and the Standard Industrial Classification (SIC) codes 
included in each category are shown below: 
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Category Process SIC Groups Included 

A Wool Scouring 2299 
B Wool Fabric Dyeing and Finishing 2231 
c Greige Goods Manufacture 2211, 2221, 2231, 2241, 2251, 

2252, 2253, 2254, 2257, 2258, 
2259, 2281, 2282, 2283, 2284 

D Woven Fabric Dyeing and Finishing 2261, 2262 
E Knit Fabric Dyeing and Finishing 2251, 2252, 2253, 2254, 2257, 

2258, 2259 
F Carpet Dyeing and Finishing 2272 
G Yarn and Stock Dyeing and Finishing 2269 

Initial attempts to categorize the textiles industry by four-digit 
Standard Industrial Classification (SIC) codes proved to be an inadequate 
method for the purposes of this study. Reasons for this are: 

a. The SIC code method of classifying the industry is obsolete. For 
example, SIC 2261 is the dyeing and finishing of woven cotton broad
cloth and SIC 2262 is the dyeing and finishing of woven man-made 
fiber broadcloth. Very few plants in the industry are devoted to 
either 100% cotton or 100% man-made fiber cloth. r.t:>st plants are 
producing cloth with blends of fibers and there is no SIC code for 
this type of plant. This is also true in SIC 2231 (woven wool 
fabrics) where very f€'!11 plants are producing 100% wool fabrics. 

b. 'Ihe SIC rrethod of classification includes all plants in the group. 
For example, SIC 225 includes all knitting plants and SIC 227 
includes all carpet plants. This study is concerned only with 
those plants that perfonn dyeing and finishing operations. These 
operations are the direct or indirect source of potentially 
hazardous land-destined wastes. The exception to this is Wool 
Scouring which is part of SIC 2299. Sludges generated by Wool 
Soouring wastE'!Ilater treatrrent plants w~re found to oontain heavy 
metals and chlorinated organics (see Section 3 of this report). 

'Ihe textile industry is heavily concentrated in the East with 91% 
of the plants located in EPA Regions I, II, III and IV. Fifty per cet: : are 
located in Region IV alone. r.t:>re than half of the plants errploy between 20 
and 500 workers with less than 10 per cent enploying less than 20 workers. 
Eleven per cent of the plants en;>loy over 500 workers. 

Al.nost half of the plants visited had process equi'[:!Tiel1t over 20 
years old, over 40 per cent had equi};ll'el1t ages ranging fran 5 to 20 years 
and less than 10 per cent were less than 5 years old. 

Because of the difficulties encountered with the SIC code system 
nentioned above, the industry was categorized on a process basis rather 
a product basis. Over 69 per cent of the plants are engaged in either woven 
or knit dyeing and finishing. 
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It is estinated that the six industry categories that generate 
potentially hazardous wastes for land disposal collectively produce about 
5, 300, 000 rretric tons of product per year. The total production in the 
textiles industry, including category C (Greige Goods) , is estimated to be 
8, 300, 000 rretric tons per year. Therefore, about 64 per cent of the total 
production in this industry generates potentially hazardous wastes. Aside 
from Greige Goods Manufacture, Category D (Woven Fabric Dyeing and Finish
ing) is the largest producer, accounting for about 34 per cent of the pro
duction that generates potentially hazardous wastes. It is also estimated 
that over 56 per cent of the 5,300,000 rretric tons per year of prcrluction 
occurs in EPA Region IV. 

1. 3. 2 Waste Characterization * 

The land-destined wastes fran the textiles industry originate 
either directly from the m:mufacturing processes or from the process 
wastewater treat:Itent. The various waste streams, their sources and their 
quantities were determined for typical plants in each of the categories of 
the textiles industry. They are as follCMS: 

Category A- Vbol Scouring 

Waste 

dirt and wool 
dirt and vegetable matter 
fly and sweeps 
wool waste 

Source 

sorting and blending 
scouring 

Quantity (kg of waste/ 
kkg of product) 

12 
26 

2 
55 

wasted sludge** 
retained sludge*, ** 

drying, top preparation 
top preparation 
wastewater treatment 
wastewater treatment 

570 (dry) 5,700 (wet) 
780 (dry) 7,800 (wet) 

Category B - Wool Fabric Dyeing and Finishing 

Quantity (kg of waste/ 
Waste Source kk9: of Eroduct) 

flock carbonizing and drying 16 
seams scouring 0.7 
dye containers** dyeing 1.3 
chemical containers** dyeing, special 1.6 

finishing 
fabric special finishing 1.3 
flock nechanical finishing 17 
fiber wastewater pretreat- 25 (dry)_ 

rrent screening 100 (wet) 
wasted sludge** wastewater treatment none 
retained sludge*, ** wastewater treatment 1.6 {dry) 20,000 
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Category C - Greige Goods 

Waste 

fiber and yarn 
fiber, yarn and cloth 
fiber, yarn and cloth 

Source 

yarn preparation 
knitting 
weaving 

Category D - Woven Fabric Dyeing and Finishing 

Waste 

cloth 
cloth 
cloth 
cloth 
flock 
dye containers** 
chemical containers** 

fiber 

wasted.·sludge** 
retained sludge*, ** 

Source 

singe and desize 
~rcerize 
bleach and wash 
~chanical finish 
~chanica! finish 
dye and/or print 
dye and/or print, 
applied finish 

wastewater pretreat
~t screening 

wastewater treatrrent 
wastewater treatrrent 

Category E - Knit Fabric Dyeing and Finishing 

Waste 

cloth 
cloth 
cloth 
dye containers** 
chemical containers** 

cloth 
fiber 

wasted sludge** 
retained sludge*, ** 

Source 

dye and/or print 
chemical finish 
mechanical finish 
dye and/or print 
dye and/or print and 
chemical finish 

wash 
wastewater pretreat
~t screening 

wastewater treatrrent 
wastewater treat::rrent 
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Quantity (kg of waste/ 
kkg of product) 

32 
10 
11 

Quantity (kg of waste/ 
kkg of product) 

0.2 
0.1 
0.2 
6 
4 
0.5 
0.8 

0.8 (dry) 2.8 (wet) 

20 (dry) 2,300 (wet) 
67 (dry) 7,300 (wet) 

Quantity (kg of waste/ 
kkg of product) 

2 
4 
3 
0.9 
0.9 

2 (dry) 4 (wet) 
0.8 (dry) 2.8 (wet) 

typically none 
64 (dry) 9,600 (wet) 



Category F - Carpet pyeing and Finishing 

Waste 

yarn and sweeps 
selvage 
flock 
dye containers** 
chemical containers** 
fiber 

latex sludge 
wasted sludge** 
retained sludge*, ** 

Source 

tufting 
selvage trim 
fluff and shear 
dyeing and printing 
dyeing and printing 
wastewater pretreat-

ment screening 
wastewater treatment 
wastewater treatment 
wastewater treatment 

category G - Yarn and Stock pyeing and Finishing 

Waste 

yarn 
yarn 

dye containers** 
chemical containers** 
fiber 

wasted sludge** 
retained sludge*, ** 

Source 

bleaching/dyeing 
beaming/quilling/ 
winding, etc. 

dyeing · 
dyeing and finishing 
wastewater pretreat-

rrent screening 
wastewater treatment 
wastewater treatment 

Quantity (kg of waste/ 
kkg of prcxluct) 

1.0 
26 
4 
0.13 
0.18 
1.2 (dry) 2.0 (wet) 

2.3 (dry) 4.9 (wet) 
typically none 
5.2 (dry) 22,000 (wet) 

Quantity (kg of waste/ 
kkg of product) 

0.7 
5.4 

0.87 
2.2 
9.0 (dry) 33 (wet) 

typically none 
2.9 (CI~) 20,000 (wet) 

* The retained sludge quantities are accumulations over the life of the 
pond and cannot be related to production. 

** Waste streams considered to be potentially hazardous. 

Of the industry's current total process wastes for land disposal, 
3.6 per cent by weight (dry basis) is considered to be potentially hazardous. 
This potentially hazardous fraction includes dye and chemical containers 
with residual dyestuff and chemicals. The remailu.n~ 96.4 per cent of land 
destined wastes from the textile manufacturing processes are non-hazardous. 
The non-hazardous process wastes include lint, yarn, cloth, etc. 

The sludge generated by textile plant wastewater trea~t systems 
is also considered to be potentially hazardous. This includes both the 
sludge generated and retained in the wastewater treatment system and the 
excess sludge that is rerroved fran the system for final disposal. Retained 
sludge is so slowly generated by aerated biological treatment of textile 
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wastewaters that, in many cases, there is no need for disposal. Sludge is 
allaved to accumulate over a period of years ( 5 to 10) and is stored in the 
treatment pond. Wasted sludge is excess sludge generated in textile waste
water treabnent systems which must be rerroved and disposed on a regular basis. 
Only the Wool Scouring and Woven Fabric Dyeing and Finishing categories 
typically are presently disposing of excess sludge. On a dry weight basis, 
wastewater trea'l:lrent sludge currently corrprises about 80 per cent of the 
total land destined potentially hazardous wastes and about 12 per c-ent of all 
wastes. Table 1-1 surfl'Tlarizes the total wastes, the total potentially 
hazardous wastes and the total hazardous constituents from the textile 
industry for the years 1974, 1977 and 1983. The large increase in total (dry wt.) 
quantity projected for 1983 is due mainly to the implementation of reconrnended 
wastewater treatment technologies in the effluent limitations guidelines 
doCl.lita1t fd)r thin industry. (It should be noted that the wet weight 
quantities will decrease by 1983). 

Figures 1-1, 1-2 and 1-3 summarize the estimated state-by-state 
distribution of total wastes from the textiles industry, potentially 
hazardous dye and chemical container wastes and potentially hazardous 
wastewater treatnent sludges, respectively. These illustrations sho.v that 
over 90 per cent of the total potentially hazardous land destined wastes 
from the textile industry is generated in EPA Regions I, II, III and IV. 
Eighty-seven per cent of all wastes are generated in those same regions. 

The hazardous constituents in the waste streams were detennined 
by plant visits and by oamposite sampling of wastewater treatment sludge 
as mentioned earlier. The hazardous constituents of the dye and chemical 
container waste streams were determined to be the residual dyestuff and a 
portion (estimated by the contractor to be 25 per cent by weight) of the 
residual chemicals (i.e., ortho-phenyl-phenol, biphenyl, zinc salts, etc.). 
The constituents identified in the wastewater treatment sludges determined 
to be hazardous were heavy metals such as arsenic, barium, cadmium, chromium, 
cobalt, copper, lead, mercury, nickel and zinc and chlorinated organic 
compounds. The rretals and chlorinated organics were detennined to b~ (~.i !.-.her 
adsorbed or included primarily in the solid phase of the sludge. 

A few atypical potentially hazardous wastes were also found 
throughout the industry containing chlorinated organics or flammable 
sol vents as the hazardous constituents. Also, one facility was found that 
disposes of yarn wet with non-fixed dyes containing dyestuff as the hazard
ous constituent. These atypical wastes could not be extrapolated to the 
entire industry nor geographically distributed because. there was no way 
of detennining how much of the industry handled or disposed of these wastes 
in the non-typical manner. 

The criteria used for determining the concentration at which 
textile wastes were considered potentially hazardous were the drinking 
water standards for specific heavy rretals and total organics. The 
hazardousness of dyestuff is not as easy to delineate. There is little 
information available on the toxicity of dyes to hmtaJ1S. However, bioassay 
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Table 1-1. S\mrlary of Land Destined Total and Potentially Hazardous Wastes 
frcr.. the Textiles Imustry (SIC 22), kkg/yr 

Total Potentially Total 
Total l'l'astes (~t) Hazardous Wastes (dry ,/\-let) Hazardous Constituents (dry) Specific 

Indust..-v ca~:eqorv 1974 1977 1963 1974 1977 1983 1974 11.72 1983 Haza..-dous Constituents 

A - ~:001 Sco'..:ri..'1g 32,000/ 32,000/ 20,900/ 25,500/ 25,500/ 14,300/ 134 134 76 heavy rretals* , 
261,600 261,600 63,800 255,000 255,000 57,200 ~Uorinated crganics** 

B - Noel Fabric Dyei:lg 19,43!!/ 19,438/ 46,488/ 895/ 895/ 27,900/ 7.6 7.6 2,040 hea"y netals, 
and r ir-. .islU.m; 43,533 43,588 150,958 1,720 1,720 111,600 dyestuff*** 

and chemicals*** 
C - Gre:.r;e Goods 159,000/ 174,000/ 207,000/ 0 0 0 0 0 0 none .. 159,000 174,000 207,000 

..... D - >'ic'.:e.\''1 Fab:::ic 357616/ 37,702/ 77,224/ 15,300/ 16,200/ 51,400/ 842 892 2,980 heavy netals, 
0 Dye:.r.g an:! 1,522,477 1,618,203 227,070 1,500,000 1,600,000 205,600. chlorinated organics, 

Finis.'lir.g dyestuff & chemicals 

E - Y.ni t Fabric Dyeing 10,448/ 11,073/ 50,002/ 1,400/ 1,490./ 38,500/ 3.4 3.7 2,020 heavy rretals, 
a."ld Fi.ni.sl-.ing 13,239 14,065 162,272 ,2,590 2,760 154,000 chlcrirJ.ated organics, 

C}·estuff & chenicals 

F - Carpet D:i'ein<J and 23,539/ 30,061/ 67,849/ 210/ 263/ 14,600/ 1.0 1.3 817 heavy rr.eta1s , 
Finis."'Jr.g 27,359 34,344 116,522 1,170 1,470 58,400 chlorinated organics, 

dyestuff & che::-.icals 

G - Y;:_"'ll a.'ld Stoc.l( 30,132/ 32,000/ 64,139/ . 5,080/ 5,400/ 32,500/ 36.5 38.7 1,430 heav.r r..eta1s, 
Dyeir.g am 71,367 75,599 193,137 6,340 6,740 130,000 chlo:::ir.c.ted orgar.ics, 
Finis:ur.g dyestuff & char.icals 

Total Textiles 310,173/ 336,274/ 533,602/ 48,400/ 49,700/ 179,000/ 1,020 1,080 9,360 see abo\'e 
Ir.Cust-~' 2,098,575 2,221,399 1,120,759 1,770,000 1,870,000 716,800 

• i:'.cl,X:cs arsenic, barit-"'7'1, ca~.il;!'., c:l".ra:-iun, cobalt, copper, ircn, lead, rrar.ga.'1E!Se, r:ercury, nickel and zinc ... ir.Civi.-::-.:al chlorirlated organic ccr.;ourxis were not ic.'entified in t.'le laboratory, only total quantities 
*** see Sectio., 3.2 cf this rcpo:::t for elq)lar.aticn of types of dyestuff ar.d chanicals 
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Figure 1-1. ESTIMATED QUANTITIES OF TOTAL WASTE TO LAND DISPOSAL, 1974 
(DRY/WET WEIGHT) 

KEY: 
XX/XXX Dry/Wet Weights of 

Total Waste in KKG 

REGION TOTALS: 

I - 3S,328/353,689 
II 52,618/244,330 
Ill 28,193170,915 
IV 151,090/1,215,954 
v 11 ,763/85,172 
VI 12,573/102,587 
VII 1,598/6,157 
VIII 800/1,880 
IX 10,590/13,814 
X 2,450/3,680 

220/1,055 

N.MEXICO 

100/100 

+ Waste quantities from Wool Scouring Operations not included, See Table 3-2. 

MAINE 
2,307/14,266 

MASSACHUSETTS 
20,541/232,155 

RHODE ISLAND 
5,770+/17 ,234+ 

CONNECTICUT 
3,281+/3S,674+ 

NEW JERSEY 
24.988/154,060 

DELAWARE 
179/3,562 

MARYLAND, 609/8,969 

NORTH CAROLINA 
58,776/340,621 

SOUTH CAROLINA 
23,899+/464,908+ 



REGION TOTALS: 

I -1550 (191 
II -1610 (181 
Ill - 830 (61 . 
IV -5100 (701 
v 410 (61 
VI 120 (21 
VII - 50 (0.51 
VIII- 10 (0.1) 
IX - 170 (11 
X - 60 (0.41 

Total 
u.s. 9910 (1231 

Figure 1-2. ESTIMATED OUANT!TIES OF TOTAL POTENTIALLY HAZARDOUS DYE 
AND CHEMICAL CONTAINER WASTES TO LAND DISPOSAL (DRY WEIGHT), 1974 

10 
(0.08) 

COLORADO 

1 
(0.04) 

N.MEXICO 

NEBRASKA 

KANSAS 

3 
(0.08) 

MASS. 650 (10) 

NEW JERSEY 780 (101 

DELAWARE 5 (0.17) 

-11."1"-MARYLAND 15 (0.43) 
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Figure 1-3. ESTIMATED QUANTITIES OF TOTAL POTENTIALLY HAZARDOUS WASTEWATER 
TREATMENT SLUDGE TO LAND DISPOSAL, (1974) DRY/WET WEIGHT 

REGION TOTALS: 

I 12.,400/311,000 (1581 
II - 1540/180,000 (911 
Ill - 3300+/66,000+ (37+) 
IV - 12,700+/1,000,000+ (510+1 
v - soono,ooo 1361 
VI - - 5940/95,000 (491 
VII - 35/4100 (21 
VIII - 71840 (<11 
IX 14/1600 (<11 
X 1000+/10,000+ (5+1 

Total 
u.s. - 38,400/1,760,000 (900) 

<1/13 
l<1J 7.2/840 

(<11 

N.MEXICO 

VI 

N.DAKOTA 

1---....,0KLAHOMA 
29/3300 1411610 

(1.71 (<1) 

5900/90,000 
(471 

MAINE 
84/9900(5) 

MASSACHUSETTS 
8600/214,000(110) 

RHODE ISLAND 
65+/8000+(3.8+) 

NEW JERSEY 
1100/130.000(65) 

DELAWARE 29/3400(1.7) 
MARYLAND 72/8400(41 

---NORTH CAROLINA 
2400/271,000(1431 

110/13,000(5.6) 



studies sponsored by the American Dye Manufacturers Institute (AI:MI) have 
shown that same dyes do exhibit appreciable toxicities to fish and algae. 
other studies concerning the effects of dyes on aerobic and anaerobic 
systems showed that dyes are refractory to conventional aerobic biological 
treatm=nt systems. However, there were indications of dye degradation 
under anaerobic conditions and this raises the problem of the fate of dyes 
in a landfill subject to anaerobic processes. There is no information 
available on the nature, toxicity or carcinogenicity of any rretabolites 
resulting from dye degradation. It is possible that dyes may degrade into 
carcinogenic synthesis intennediates. This presents the problem of leaching 
of toxicants or carcinogens from landfill sludges into potential drinking 
water supplies. Thus, all dye-containing waste streams were determined to 
be potentially hazardous. This includes adsorbed dyes in wastewater treat
rrent sludges as well as residual dyestuff discarded with containers. 

The drinking water standard for specific heavy rretals and total 
organics was also applied to residual chemicals in discarded containers as 
well as any chemicals adsorbed onto the sludges. 

The criteria for determining the hazardousness for the atypical 
wastes includes the drinking water standards for total organics as well as 
the criteria cited above for dye-containing waste· streams. The criteria 
applied for flamrable sol vents was the Departrrent of Transportation flash
point standard of 38° c. (25). Details of the criteria for categorizing 
wastes as potentially hazardous are presented in Section 3. 2. 

1.3.3 Treatment and Disposal Technology 

Three levels of treat:ment and disposal technology for potentially 
hazardous wastes were detenni.ned for the industry. These levels are briefly 
defined as follows and are illustrated for the textiles industry in 
Figures 1-4, 1-5 and 1-6. 

Level I 

Level II 

Level III 

- broad average of current practice 

- current best practice fran an 
environmental standpoint 

- technology necessary to provide 
adequate health and enviroi'l!leJltal 
protection 

. Tabl7 1-2 sumnarizes the levels of technology detennined for the 
var1ous potentially hazardous waste streams in the textiles industry. M:>st 
of the lJ:ldustry in. all ca~ries disposes of the potentially hazardous dye 
and chenu.cal containers, w1 th residual dyestuff and chemicals, in nn.micipal 
or COl.ID~ general purpose landfills taking no extraordinary envirormental 
pr~utions. Several plants wash and clean the residual dyestuff and 
chenu.cals fran the containers prior to disposal and send the small anount of 
wash water to wastewater treat:ment. 'nlis waste control practice converts a 
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Figure 1-4. TYPICAL MODEL OF LEVEL I TECHNOLOGY FOR 
POTENTIALLY HAZARDOUS WASTE STREAMS IN 
THE TEXTILES INDUSTRY 
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Figure l-5- TYPICAL MODEL OF LEVEL II TECHNOLOGY FOR POTENTIALLY 
HAZARDOUS WASTE STREAMS IN THE TEXTILES INDUSTRY 
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Figure 1-6. TYPICAL MODEL OF LEVEL Ill TECHNOLOGIES FOR POTENTIALLY 
HAZARDOUS WASTE STREAMS IN THE TEXTILES INDUSTRY 
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Table 1-2. Surmary of the Levels of Technology Determined for the Potentially Hazardous 
Waste Strearrs in the Textiles Irxlustry 

Potentially Hazardous 
Waste Stream 

Dye arid Cllemical 
containers 

Wastewater treatment 
sludge 

Atypical wastes: 

Solvent rec:x:Jve%Y 
slu:iqes 

Lint wet with non
filced dye 

Level I 
Prevalent Technology 

General purpose landfilled 
(categories A,B,D,E,F and G) 

(1) Retention of sludge in 
unlined aeration ponds 
(categories A,B,D,E,F 
and G) 

(2) Disposal of excess sludge 
in general purpose land
fills, ~s and/or land
spreading on fann land 
(categories A and D)* 

Drunmed and general p.1rpose 
landfilled (categories B,D), 
or stored on-site (category 
G) 

General pw:pose landfilled 
(category F) 

Level II 
Best Available Technology 

Wash containers prior to gen
eral purpose landfilli.ng 
(categories D,E and G) 

Level III 
Adequate Health and 

Environrrental Protection 

Sane as Level II 

(1) Retention of sludge in (1) Sane as Level II 
lined aeration po00s 
(categories A and E) 

(2) Disposal of dewaterc-d ex- (2) same as Level II 
cess sludge in an awroveci 
landfill (category E) 

Incineration or rea:Ne.rY by 
waste disposal c:altractor 
(category E) 

same as Level I 

Same as Level II 

Future envirormmtally adequate 
treatnent/disposal technologies 
include washing, awroved 
landfilling or incineration 

* Categories B, E, F and G typically were fouro not to have excess sludge for disposal 



POtentially hazardous waste into a non-hazardous waste and only slightly 
increases the reM waterborne waste load. 

The major potentially hazardous waste generated by the textile 
industry was detennined to be wastewater treat:nent sludges. Of course, 
sludges are generated by only those plants having their own wastewater 
trea~nt facilities. It is estimated that 488 plants of the 2,007 
identified (24 per cent} which generate potentially hazardous waste have 
wastewater treai::mmt facilities. (10). A'IMI estimates that these 488 plants 
crnprise 65 per cent of the total production of the 2,007 plants. The 
remaining 1,519 plants use municipal sewage treat:nent (10) which transfers 
the problem of potentially hazardous sludge disposal and its associated 
costs to the nnmicipalities. About 7 per cent of the plants visited con
tributed 50 to 95 per cent of the total wastewater load to the municipal 
sewage treai::mmt system. Several of the municipal trea~nt facilities 
were constructed with plant funds and turned over to the nrunicipali ty for 
operation and maintenance. 

Ninety-six per cent of the 488 plants with treai::mmt systems are 
generating sludge in unlined aeration basins which have potential for 
percolation to underlying strata. Four per cent were found to have concrete 
lined aeration or settling basins. The lined ponds were found to be rrost 
prevalent in category A, W:lol Scouring, where 67 per cent of the plants 
use them. category E, Knit Fabric Dyeing and Finishing, was the only 
other industry category found to be using lined ponds to the extent of 
12 per cent of the plants in the category. 

The necessity to dispose of excess sludge was found to be typical 
in only n..u industry categories, W:lol Scouring and ~ven Fabric Dyeing and 
Finishing. All plants in the W:lol Scouring category find it necessary to 
dispose of sludge. About 40 per cent of the plants (56 per cent of the 
category production) engaged in ~ven Fabric Dyeing and Finishing find it 
necessary to dispose of excess sludge. fust facilities in the other indus
try categories are generating sludge at a low enough rate to preclude the 
need to dispose of any excess. 

Based on the plants visited, all plants that have dye and 
chemical container wastes dispose of them off-site. The ratio of on-site 
to off-site sludge disposal is about one to one, also based upon the plants 
surveyed. The typical disposal rrethods used are land durrping, land spread
ing and landfilling with no special environmental protection precautions 
being taken. In one instance, a plant employee hauled excess sludge to his 
fann and spread the sludge as fertilizer. Only one plant was found that 
disposed of dewatered sludge in a state approved landfill with leachate 
and runoff controls. See Section 4.2.6 for the definition of an approved 
landfill. 

1.3.4 Cost Analysis 

The estimated total annual costs of potentially hazardous waste 
treai::mmt/disposal technologies for the entire industry at the three levels 
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of technology are $4,700,000, $6,500,000 and $11,700,000, respectively, 
as sho:m1 in Table 1-3. 'Ihe total industry technology cost rates in terms 
of dollars per rretric ton of product are $0.88, $1.23 and $2.21, respectively. 
'Ihe rates in terms of dollars per rretric ton of waste (wet/dry) are $2.40/ 
$97, $3.35/$134 and $6.03/$242, respectively. The difference between what 
the industry is presently spending and what is required for adequate health 
and envirollill2!ltal protection is approximately $7,000,000. This arrounts to 
$1.32 per metric ton of total production. 

The technology costs as a per cent of the total sales for the 
various industry categories are less than 1 per cent at all three tech
nology levels as shCMl in Table 1-4. The weighted average values for the 
entire industry at the three levels of technology are 0.07 per cent, 0.1 per 
cent and 0.18 per cent, respectively. For less than 0.2 per cent of the 
sales value, the industry as a whole can provide treatment and disposal 
technology for potentially hazardous land-destined wastes that will give 
adequate health and environxrental protection. Fran industry category to 
category, this value ranges fran a high of 0. 9 per cent of sales value 
for wool soouring to none for greige goods. A sorrewhat wider spread of 
cost i.npacts fran manufacturer to nanufacturer can be expected because of 
local situations, but these specific impacts have not been detennined. 
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Table 1-3. Extrapolation of Technology Costs to the Industry 
Categories and the Entire Textiles Irrlustry 

Annual Production Armual Costs, 1975 Dollars * 
Irrlustry category Thousand Metric Tons Level I Level II Level III 

A - Wool Scouring 69 850,000 988,000 1,910,000 

~ - Wool Fabric 309 13,600 13,600 
Dyeing and 
Finishing 

C - Greige Goods 3,000 No potentially hazardous wastes -oo tedmOlogy oosts 

D - l'loven Fabric 1,801 3,700,000 
Dyeing and 
Finishing 

E - Knit Fabric 771 21,600 
Dyeing and 
Finishing 

F '"" carpet Dyeing and 679 3,400 
Finishing 

G - Yam and Stock 1,660 76,000 
Dyeing and Finish-
ing 

Total Industry 5,289** 4,664,600 

Total Industry Rate 
$/kkg of product $0.88 
$/kkg of potentially $97 

hazardous waste (dry weight) 
$/kkg of potentially $2.40 
hazardoos waste (wet weight) 

* To convert oosts to Deoe!liJer 1973 dollars, multiply by 0.82 

** Does not include category c - Greige Goods 

3,800,000 5,740,000 

4 

1,600,000 1,600,000 

3,400 400,000 

83,000 1,300,000 

6,488,000 11,704,000 

$1.23 $2.21 
$134 $242 

$3.35 $6.03 
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Table 1-4. Conparison of Technology Costs with the Total Sales by 
Industry Category and the Entire Textiles Industry 

Sales Value * Technology Costs as Per Cent of Sales Value 
Industry Category $/kkg Level I Level II Level III 

A- Wool Soouring 3,000 0.4 0.5 0.9 

B - Wool Fabric Dyeing 1,650 0.003 0.003 0.15 
and Finishing 

C - Greige Goods No potentially hazardous wastes - no teclmology oosts 

D - Woven Fabric Dyeing 1,280 0.16 0.16 0.25 
and Finishing 

E - Knit Fabric Dyeing 1,840 0.0015 0.11 0.11 
and Finishing 

F - Carpet Dyeing and 1,850 0.0003 0.0003 0.032 
Finishing 

G - Yarn and Stock Dyeing 450 0.01 0.01 0.17 
and Finishing 

Weighted Average for 1,218 0.07 0.1 0.18 
Entire Industry 

* 1975 Dollars 



2. 0 DESCRIPTION OF THE TEXTILES INDTTSTRY 

2.1 Introduction* 

'Ihe textiles industry prcxluced approximately $35 billion worth of 
fabrics (as ~asured by plant shiprents) for various uses in 1974. 'Ihe 
major uses of textile fabrics are for apparel (38 per cent); hc::rre furnish
ings ( 31 per cent) ; other consurrer products, such as piece gocxls for hare 
sewing, nedi.cal, surgical and sanitary products (11 per cent); and industrial 
products, such as transp::>rtation fabrics, hose and belting, filtration and 
protective fabrics (17 per cent) • Exports account for the remaining 3 per 
cent. 

'Ihe narkets for apparel and hare furnishings are very much influenced 
by general econanic conditions. In particular the apparel market is closely 
related to the level of disp::>sable incarre. In recent years apparel expendi
tures have averaged approximately 6. 5 per cent of disp::>sable incare. 'Ihe 
hare furnishings market is influenced in addition by new family fonnations 
and the consequent demand for new housing. 

'Ihe market for other consurrer products is basically influenced by 
population grc:Mt:h, but under adverse econanic conditions will make temporary 
gains at the expense of the apparel and hare furnishing markets. 

'Ihe specialized markets for industrial fabrics have shown good 
grCMth in recent years. Further grcMt.h in these markets will depend largely 
on the developrent of new products. 

Textile exports rose sharply in 1973 and 1974, because of rising 
world demand and assisted by the lower prices of American textiles in the 
world market, as a result of dollar devaluation. However, by early 1975, 
exports were nmning below those of a year earlier. 'Ihis reversal was due 
to generally softening of demand in the world markets and to the intensifi
cation of price cx::rrpetition. 

2. 2 Discussion of the Textiles Industry ** 

2. 2.1 Products of the Industq 

Textile fabrics are produced by the weaving or knitting of fibers. 
At sare p::>int in the manufacturing process the fiber, yarn, or fabric is 
bleached, finished and dyed or printed as dictated by the needs of the 
finished product. 

'Ihe major products of the textile industry are: 

* All data in SectiOI)· 2.1 were obtained fran Reference 1 
** All data in Section 2. 2 were obtained fran Reference 1 
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(a) Apparel. 'Ih,is segrrent of the mrket represents 38 per cent of 
the textiles produced in this count:ry. Apparel usage is closely tied to the 
grCMth in disposable personal incc:tte. During the 1960's, expenditures for 
apparel prcx:luction was apprmq..mately 93 per cent of the grCMth in disp:>sable 
incane for the decade. For the 1970-74 period, grc:wth in apparel usage was 
about 40 per cent cc::!lpared to a disposable incane increase of 41.5 per cent. 
'lbese unusually high percentage gains, hCMever, were the result in ·part to 
the rapid inflation in 1973 and 1974. Spending for apparel should continue 
to grCM ,. although possibly at a lONer rate, with rrost of the grCMth caning 
from a greater representation of the 20 to 39-year-old segment of the u.s. 
population (which encarrpasses phe biggest spenders for apparel), cind fran 
upgrading of living standards by lo.ver income, groups. 

(b) Hane Furnishings. Harre funushings account for 31 per cent of 
the textile industry. 

'!he najor textile products for hane furnishings are draperies, 
furniture fabrics and upholstery, sheets, bedding material, blankets, carpets 
and rugs. 

'lhis rrarket segrrent ag 1roximately doubled ·during the 1960 's. By 
the end of the decade, consl.llfer expenditures at the retail level exceeded 
$37 billioo, and in 1974 rose to nearly $59 billion. Noteworthy :is· that as 
a percentage of total consurrer expenditures, these outlays also shew a steady 
increase from 5. 8 per cent in 1960 to 6. 4 per cent in 1969 and then to 6. 7 
per cent in 1974. ' 

Demand for home furnishings arises primarily from new family 
fonnations (which dictate initial purchases) , fran changes in residence and 
from wearing out or style obsolescence of existing fu.nlishings. 'Ihe declin
ing birthrate and the trend to srra.ller sized hc:xres tend to slew dcwn the 
grCMth rate. 

(c) Other Consurrer Products. Other consumer products are piece 
goods for hame sew~ng, craft and handwork yarns, rredical, surgical and 
sanitary products and toy fabrics. These prooucts account for 11 per cent 
of textiles production. Steady growth in these areas is to be expected. 

(d) Industrial Products. Industrial fabrics nake up 17 per cent 
of the :tjextile output ~n the u.S. , and grc::Mth has been experienced in a 
nurrber of these specialized markets, such as transportation fabrics, , hose 
and belting, filtration, coated and protective fabrics, industrial sewing 
thread and glass-fiber fabrics for reinforced plastics. The potential :for 
further grCMth is good and can be greatly augnented by developn:mt 'of new' 
products. 
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2. 2. 2 Raw Material and Fabric Usage in the Industry 

Fiber is the basic reM material in the manufacture of textile 
products. Approximately 70 per cent of the fibers used in u.s. mills in 
1974 were rnan-rrade with the use of cotton diminishing drastically to 
approximately 29 per cent in 1974. lb>l is of small significance, account
ing for less than 1 per cent usage in 1974. 

~ fabrics fomt the largest segnent of the textile industry, 
harever, woven goods production has been dropping steadily since 1965. 
'lbe 1974 production is only 80 per cent of 1965's peak production. 'Ibe 
decline has care totally in cotton woven goods, with the 197 4 production 
being approximately half of that of 1965. ~ven fabrics of man-made 
fibers actually increased about 50 per cent during this period, but the 
increase was not sufficient to offset overall the decline in woven cotton 
goods production. 

'!he knitting segment has been growing in irrq;lortance. Knit cloth 
shi£rllmts nearly doubled between 1966 and 1973. A major portion of this 
gr:a.lth was due to the introduction and popularization of double-knit fabrics. 
In 1967, it was estimated that there were 4,600 double-knit machines in use. 
By 1971, there were 16,000 and in 1973, there were 23,275, resulting in 
overexpansion and subsequent withdrawal and ncthballing • . 

Another segnent of the textiles industcy that expanded substan
tially was carpets and rugs. Fran 1966 to 1973, shi};lrellts in this segnent 
increased by alnDst 120 per cent. In 1974 there was a slight drop-off. 
More recently scrne mills abandoned such operations, suggesting again 
overexpansion and overcapacity. 

Man-made fibers, especially the newer ones, have excellent 
l.mifonni ty and are available in a grc:Ming variety of types. '!hey offer a 
higher degree of processing efficiency. In addition, there is a much 
smaller inventory risk, as cc:rrpared with natural fibers. 'lhe wide and 
erratic price fluctuations of cotton and wool sane~ make careying 
inventories alm:>st a wild speculation. 

Man-nade fibers are further classified into non-cellulosic and 
cellulosic. '!he non-cellulosic fibers have attained a position of 
daninance, acco~ting for about 85 per cent of the production of man-made 
fibers. 'Ihese non-cellulosic fibers, saneti.rces called chemical fibers, 
are essentially extruded filanents of carp:>unds such as polyester, nylon, 
polyethylene, polypropylene, acxylics and glass. Of these, polyester is 
in greatest demand, and accounts for about 42 per cent of the non-cellulosic 
fibers produced. Nylon ranks next in intxntance and accounts for 31 per 
cent of production. Glass fiber is the major inorganic chemical fiber 
used in textiles, aCOO\mting for 9 1/2 per cent of production1 its use is 
rising sharply, both in ir.dustrial applications in heme furnishings, where 
its fire retardant properties have helped in opening additional markets. 
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Other m:m-nade fibers are derived fran cellulose. Exarrples are 
rayon (regenerated cellulose} , acetate (cellulose acetate) , and triacetate 
(cellulose triacetate}. This class of fibers constitutes only 15 per cent 
of the man-nade fibers or about 11 per cent of the total fibers used in 
the U.S. Cellulosic fibers use has been adversely affected by the shift in 
popularity to the non-cellulosic fibers. Since 1970, both use and production 
capacity have decreased markedly. 

COtton has been of diminishing in'portance as a textile reM 
naterial. It comprised 88 per cent of the fiber used in textiles in the 1920 • s 
By 1960 it was 64%, and by 1974 it had dropped to a new lc:M of 29 per cent. ~ 
In 1975, its use is expected to decrease even nnre. Price and consurrption 
support plans of the Federal Governm:mt nay have contributed to pricing 
cotton out of the market in its carpetition with synthetic fibers. 

2. 2. 3 Current Economic Structure 

Since 1970, a considerable shift of assets has taken place in the 
textiles industry. Plants which gave lc:M returns on invest:Irents or offered 
J;XXJr prospects for growth were closed, while new capital investments were 
made in areas pranising better grcMth prospects and therefore possibly 
better returns on investment. 

'Ihe return on investnent in the textiles industry has always 
carpared unfavorably with invest:nents in other industries, generally being 
approximately one-third less than the average for all m:mufacturing ccm
panies. Under adverse econanic conditions the comparison is even worse; 
for instance, in 1970 the ratio of retums dropped to only 55 per cent. 

Capital expenditures increased fran $560 million in 1970 to 
$840 million in 1974, but the increase was superficial rather than real, 
because inflation was responsible for nnst of the nnney spent. Furtherrcore, 
the e:xpenditure was for substitution of newer and nnre efficient equipn:mt, 
so that there were few actual physical additions in production units. 

'Ihe reduced pace of earnings since 1974 have prarpted efforts 
to improve the financial structure in the industry. Tighter controls 
to reduce inventories and receivables, cuts in dividends to stockholders 
and downward revisions of capital expenditures have been instituted. 
Capital expenditures were expected to decline to $700 million in 1975, 
partly because of the overexpansion of the last few years. Further re
duction in capital ~ditures is likely in the future, with a grc:wing 
portion of the capital expenditures to be eannarked· for equiprent or 
programs to canply with new Governrrent health and envirorunental legislation. 

Raising the funds for capital expenditures will present the 
industry with a dilenma. Raising nnney by equity financing (selling 
stock to the public) is unpalatable, as the stocks, of nnst textile can
panies are selling at substantial discounts fran book value. Grc:Ming 
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carpanies may finance their capital needs by increasing long-term 
borrowing, but the prevailing high interest rates make this method 
expensive and ultimately result in lower earnings. The smaller and nore 
marginal corrpanies may well find the problem very difficult to sunrount. 

The situation may becare scmewhat alleviated if demand for 
textiles resurges in the later rronths of 1975 as the econOI"ey" :i.Irproves as 
is expected and prices becare finrer as inventory levels are worked dCMn. 
If the economy rontinues to improve into 1976, stimulating a further 
increase in denand, then the efficiencies instituted in the last 2 years 
will result in a substantial iroproverrent to the financial situation of 
the industry. 

Profit margins,* as in the case of return on invest::rrEnt, are 
significantly lower in the textiles industry than for industry at large, 
averaging 10. 8 per cent for the last 10 years. '!his figure is about 
30 per cent less than the 15. 5 per cent for industry at large. 

In the textiles industry, material rosts represent alrrost 60 per 
cent of the value of the product, and exert the greatest influence on 
profit margin!?. By far, the greatest portion of the material rosts is 
acrounted for by the fibers used. 'Ihese wide swings in fiber prices have 
caused not only changes in cost, but also in inventory evaluations. It is 
the tmcertainty of prices of the natural fibers that has accentuated the 
shift to the use of man-made fibers. '!he cost of chemicals and dyes has 
also increased sharply in recent years. 

Labor is the serond largest rost factor. Labor costs, however, 
vary widely with the nature of the products made, the production methods 
used, and also with the extent of automation and integration. According 
to the 1972 Census data, overall labor costs for the textiles industry 
were 21.6 per cent of the value of goods produced. However, the break.
dc:Mn showed that labor rosts were 27 per cent for rotten mills, 26 per 
cent for man-rrade fiber weaving mills and 17 per cent for knit fabric 
mills. One year later, in 1973, the labor rosts of six leading integrated 
textile carpanies were reported to be about 30 per cent of sales. 

Wage rates in the textiles industry are about 28.5 per cent lower 
than wage rates for all manufacturing canpan.ies. Nevertheless, the 
general rise in wage rates has caused labor costs to double in the last 
15 years. To counter the uptrend, steps have been taken to rrodernize 
equiptrent, to eliminate less productive plants, and to put greater enpha
sis on higher priced products in the product mix. 

Furthenrore, management has tmned to greater utilization of 
electronic data processing to supply useful and up-to-date info.rmation 
for decision making. '!he use of such specialized management techniques 
has penni tted much better procurerrent control, production scheduling, 

* Prof1t margin 1s def1ned as operating inoame before deducting depreciation 
and Federal taxes, divided by sales. 
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sales-to-inventory turnover ratio and .inproverrent in warehousing and 
distribution costs. 

Inventory control has historically been a major weakness in 
the textiles industry. 'Ihe industry tended to overlmild inventories both 
in reM materials and finished products during periods of prosperity, 
gearing production to equiprent capability rather than to actual orders 
or dem:md. 'Ihe subsequent decrease in business activity would render sudl 
high inventory levels expensive to maintain because of finance charges. 
'!be prcblem was further aggravated by the drop in the value of reM 
materials and finished products during such slack periods. Often in the 
past, the ocmpanies had to cut back on their inventories of finished pro
ducts at prices belCM cost. 'Ihe use of electronic data processing appears 
to have .inproved inventory control considerably. Managenent has also put 
increased ercphasis on consurrer market studies and consurrer testing of new 
lines. 

2. 2. 4 Future Trends and Developnen.ts 

Since 1970, the textiles industry has made substantial additions 
to its production capacity. Indeed this expanded capacity was heavily 
taxed in 1973, when mill operating rates rose to 90 per cent of capacity. 
'Ibe subsequent econanic downturn of 1974-75 fo'liDCl the industry with a huge 
inventory and idled about one-third of production capacity. At this tine 1 

there appears to be sufficient capacity to neet market needs for several 
years to cane. 

During the recent expansion, quite aside fran the grcMt:h in 
nunbers of production l.Ulits (ootton-weaving was the only sector showing 
a decline), there was a decided effort to replace older equiptent with 
nDdern and m:>re productive machines and to direct capital outlays into 
newer marketing areas such as for the production of double-knits and 
stretdl-woven fabrics. 

Over the next three years, no further increase in production units 
is expected. Capital expenditures were projected to be about $700 million 
for 19751 and $850 million for 1976. However 1 the .Anerican Textile Manu
facturers Institute projected that for 1975-77 1 annual outlays of about 
$659 million would be required for equipnent and prograns to CCilPlY with 
Gove:t'll1Tel1t health and enviroiliiEiltal legislation. If this projection is 
even approximately accurate, very little funds will be left for plant 
noderni.zation. 

Raising the funds for capital e~tures will be scrrewhat of 
a problem for the industry. Equity financing by selling curuor1 stock is 
not advantageous because nost textile stocks are selling at substantial 
disoot.mts fran book value. Iong-tenn debt financing will saddle the indus
try with high interest charges. 'Ihe smaller or marginal CCI1pa11.ies may 
find the problem especially difficult to SunrDlD'lt. 
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Raw material supplies should be rrore than adequate to rreet 
expected needs and no shortages are expected. Production capacity of 
polyester, both in the U.S. and worldwide, is 25 per cent greater than 
usage even during the peak period in 1973, and even if there were no 
further increase, this capacity would be sufficient to meet demand for the 
next two years. Late in 1974, demand was so slack that prices weakened 
and only half th~ polyester producing capacity was utilized. Serre upward 
revision in demand took place in 1975, but supplies are still excessive 
and will probably remain so for the next two years. 

Nylon production capacity similarly has outstripped production 
needs, and nylon is nON also in excess supply. 

Cotton is declining in irrportance as a textile fiber and sharp 
drops in fts use are eXpected. Neveri:heless, production will continue to 
be eXcessive, and carryover stocks are increasing both in the U.S. and 
worldwide. Thus, supplies are rrore than adequate to rreet expected needs. 
The textile industry, therefore, can expect price stability in its major 
reM materials for the next two years. ' 

Labor cost, the industry's second largest cost factor, is expected 
to continue its uptrend. S:ince wage rates are lower than those prevalent 
in industry at large, wages are expected to rrove closer to the higher . 
average rates. Additional UJ:Mard pressure is to be expectErl if dorrestic 
or worldwide inflation persists. 

Management, for its part, has adopted rrore sophisticated techniques 
to .improve it~ perfo!lllance. It has nade greater use of electronic data 
processing to control procurement, production and inventory. It has also 
changed ftom its fb:rrrer pr~ctice of gearing production to equiprrent 
capacity, and ntM attel'!Pts ·to match production to the demands of the 
marketplace. Increased emphasis has been placed on consurrer market studies 
and consumer testing of new lines as guides to production planning and to 
developnent of new markets. The benefits of these neasures will bec::x:rre 
rrore evident with inprovenent in market conditions • 

.' .. ~ \ 

· '!he economy was expected to and did begin recovery in the second 
half of 1975 and continue to i.rnprbve into 1976. ·Demand for textile 
products should keep pace with the recovery as ~re disposable inca:re 
beCOlres avai~able. The higher level of business act..ivity coupled with 
the recent cost-:cutting m2asures and stable reM material prices should 
enhance the profitability of the textile carpanies. 

'Ihe export markets may offer another area of irrprovem:nt. 
For rrany years, wor;td prices were considerably lc:Mer than dcrrestic prices. 
Recently, expo:r:ts ha·ve risen sharply as dares tic prices· have roved closer 
to world prices. The devaluation of the dollar, the rapid advances in 
labor cost;:.s abroad, tl1e greater efficiency of d~stic plants, and the ' 
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developnent of newer products by U.S. carrp:mies have all contributed 
to the export surge. These sa:rre reasons and the reduction in delivery 
lead time will also make domestic products more competitive with imported 
textiles. 

2.3 Indust;Y Characterization 

Industry characterization is concerned with the categorization 
of the industry by products manufactured, processes used, or any other 
viable xmthod to detennine the distribution of the nurrber of plants in 
each industry category, the distribution of plants by size (mmber of 
enployees), the distribution of plants by age of processing equip-rent, 
the distribution by manufacturing processes and the distribution of pro
duction in each industry category. 

This task was accomplished by utilizing various sources of data 
as well as information obtained from trade associations and plant visits. 
The major efforts in this phase were directed tCMard collecting information 
on the distribution of the mmber of plants and the distribution of pro
duction of the plants in the industry categories that generate potentially 
hazardous wastes destined for land disposal ::ince this information was 
required to accomplish the other three phases of the study (Phase II -
Waste Characterization, Phase III - Treat:rrent/Disposal Technology, and 
Phase IV - Cost Analysis) • 

2.3.1 Rationale for Industry Categorization 

Initial attempts to categorize the textiles industry by four
digit Standard Industrial Classification (SIC) codes proved to be an 
inadequate nethod for the purposes of this study. Reasons for this are: 

a. The SIC code JIEthod of classifying the industry is cbsolete. 
For exanple, SIC 2261 is the dyeing and finishing of woven 
cotton broadcloth and SIC 2262 is the dyeing and finishing of 
woven man-made fiber broadcloth. Very few plants in the industry 
are devoted to either 100 per cent cotton of 100 per cent man
made fiber cloth. Most plants are producing cloth with blends 
of fibers and there is no SIC code for this type of plant. 
This is also true in SIC 2231 (woven wool fabrics) where very 
few plants are producing 100 per cent wool fabrics. 

b. The SIC code IIEthod of classification includes all plants in the 
group. For exanple, SIC 225 includes all knitting plants and 
SIC 227 includes all carpet plants. This study is concemed only 
with those plants that perfonn dyeing and finishing operations. 
These operations are the direct or indirect source of potentially 
hazardous land-destined wastes. 'Ihe exception to this is W:x:>l 
Scouring which is part of SIC 2299. Sludges generated by W:x:>l 
Scouring wastewater treatrrent plants were found to contain 
heavy netals and chlorinated organics {see Section 3 of this report). 
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'Ihe SIC code nethod of categorizing the textiles industry was 
also found inadequate by another EPA contractor (Arthur D. Little 1 Inc. ) 
during their developrent of the effluent lirni tations guidelines for the 
textiles industry. Versar and the American Textile Manufacturers Insti
tute (A'IMI) agreed that the best :rrethod for categorizing the industry for 
this study was by process and not by product. 'Ih.erefore 1 the :rrethod used 
by Versar is the sarre as was ulti.nately used in the effluent limitations 
guidelines document and is as follows: 

catego:ry 

A 

B 

c 

D 

Process 

WJol Scouring 

Vbol Fabric Dyeing and 
Finishing 

Greige Goods 

W:>ven Fabric Dyeing and 
Finishing 

SIC Groups Included 

2299 

2231 

22111 22211 22311 22411 
2252, 22531 22541 22571 
22591 22811 22821 22831 

2261, 2262 

22511 
2258, 
2284 

E Knit Fabric Dyeing and 
Finishing 

2251, 22521 22531 22551 22571 

F 

G 

Carpet Dyeing and Finishing 

Yarn and Stock Dyeing and 
Finishing 

2258, 2259 

2272 

2269 

2. 3. 2 Distriliution of Plants by Nurrber of Establisl:urents 

Table 2-1 shows the distribution of textile plants by industry 
catego:ry. The wet processing plants (plants that perform dyeing and/or 
finishing operations) listed are the ones which generate potentially 
hazardous wastes for land disposal. The 3, 359 greige goods plants 1 

catego:ry C, do not generate potentially hazardous waste. 

A total of 2 1 007 establisl:urents that perform dyeing and/or 
finishing operations was identified. The breakdown of this part and 
the entire industry on an EPA Regional basis is as follc:Ms: 
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Table 2-1. Distribution of Textile Plants by Industry Category 

A 
IV Alabama 
X Alaska 
IX Arizona 
VI Arkansas 
IX Cal~forn~a 

VIII Colorado 
I . Connect1.cut I 
III De_laHare 
IV Flor::.da 
IV Georg_::.a 
IX Hawa::.::. . 
X Idaho 
v Ill~no~s 
v Ind::.ana 
VII lovta 
VII Kansas 
IV Kentucky 
yi LOUl.Sl.ana 
I Ma1ne 
III l1aryland 
! Massachusetts 5 
v M::.chigan 
v M::.nnesota 
IV Ml.SSl.SSl.DOl. 
VII M1ssour::. 
VIII Montana 
VII Nebraska 
IX Nevada 
I New Hampsh::.re 
II Ne\-1 Jersey 
VI Ne\oJ Hex1.co 
II New York 
IV North Carol::.na 
VIII .North Dakota 
v Ohio 
YI OJ< lahoma 
X Oregon 1 
III Pennsvhran::.a I 
I Rhode Island 2 
IV South Carol1na 2 
YIII South Dakota 
IV Tennessee 
YI •rex as 4 
VIII Utah 
I Vermont 
III Virg1n1a l 
X was_lnnqton 
III \'lest V1rcan1a 
v \'ll.SCOTISlll 
VIII \'lvom~ng 
TOTAL 17 

Reqion I 8 
II 
III 2 
IV 2 
v 
VI 4 
VII 
VIII 
IX 
X 1 

Key: A -Wool Scouring 
B -Wool Fabric D&F 
C - Gre ige Goods (Dry) 

Industry Category 

B c D 
47 :.tU 

i 1 1 
1 128 19 

..± 2 
4 31 18 

_3 2 
91 7 

5 266 41 

I 
46 8 
I_! _3_ 

I 4 
3 1 
8 3 
8 

_9_ 7 _<; 

11 5 
16 80 52 

. 2 19 2 
1 17 1 

19 2 
6 9 
1 

I_ 

6 10 5 
11 294 79 

2 
_10_ AR4 RR 

9 718 104 

1 ~ 11 
13 2 

4 14 
10 334 43 
6 44 35 
4 177 49 

1 93 10 
3 23 4 
1 4 
2 7 2 
3 45 17 

j_ _14 
4_ 

1 11 ~ 

112 3 359 651 

43 179 117 
21 IJ17S 167 
13 397 67 
19 1 419 236 
5 143 26 ·-3 57 7 
1 20 10 
1 9 2 
1 128 19 
5 29 

D - Wowen Fabric D&F 
E - Knit Fabric D&F 
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E F G Total 
;.(U 2 lj .J__7 

2 14 
11 10 8 177 

6 
_5_ 6 _65 

_i 
9 I 108 

35 91 41 479 

I _2 
4 8 66 

~ l5_ 
_2_ J 

4 
6 2 2 21 
3 11 
I ..2_ 24 
1 17 

J_Q_ ~ _LY _l_!j~ 
1 I 25 
5 1 25 
4 _L.5 

~ _I__Z 
1 

_! 

5 5 31 
39 1 28 _452 

_2 
71 ~ _3Z_ ...82_3_ 

326 .1J. __8.5_ I 248 

4 1 4 ..Jill 
l _2 1 j9 
1 1 21 

62 5 32 487 
__2_ 25 _121 
31 6 18 287 

36 4 8 _152 
5 2 41 

1 6 
I I_£ 

20 l _L 89 
_l5_ 

1 5 
8 2 23 

738 144 345 5 366 

31 2 57 437 
110 4 _6.5_ 1.345 
84 b 34 _603 

4_QZ 112 162 2..L417 
22 3 15 21A_ 
9 6 1 _87 
2 ..2_ 35 

1 . 13 
11 10 8 tn 
2 I 38 

F - Carpet D&F 
G -Yarn and Stock D&F 



Plants Perfo:rming Dyeing 
Entire Industry and Finishins Operations 

No. of Percentage No. of Percentage 
EPA Region Plants of Total Plants of Total 

I 437 8.1 258 13.0 
II 1,345 25.1 367 18.0 

III 603 11.2 206 10.0 
IV 2,417 45.1 998 50.0 
v 214 4.0 71 3.8 

VI 87 1.6 30 1.5 
VII 35 0.7 15 0.7 

VIII 13 0.2 4 0.2 
IX 177 3.3 49 2.4 

X 38 0.7 9 0.4 
5,366 100 2,007 100 

As shown in this breakdown, ninety-one per cent of the plants 
that generate potentially hazardous wastes are located in EPA Regions I, 
II, III and IV with fifty per cent located in Region IV alone. Also 1 the 
textiles industry as a whole is heavily concentrated in the eastem part of 
the U.S. 

'Ihe 2,007 plants of concem to this study are approximately 
37 per cent of the total nunber of textile operations in the u.s. (10). 
'!he remaining 63 per cent are dry operations and do not generate potentially 
hazardous land-destined wastes. 

2. 3. 3 Distribution of Plants by Size (Ntmber of Enployees) 

Table 2-2 shCMs the distribution of the textile plants with 
respect to their size (nurrber of employees) (4) 1 (5) 1 (6) 1 (7). Data for 
the plants listed in the "unknown" colUiml were not available. 

'Ihe distribution of the plants in the various size ranges is 
as follCJNs: 

Size Range 
(No. of Ertployees) 

1-4 
5-9 
10-19 
20-49 
50-99 
100-249 
250-499 
500-999 
11000-21499 
over 21500 
unknown 

Totals 

Nurrt>er of 
Plants in Ranse 

103 
144 
242 
653 
614 
991 
602 
377 
159 

37 
11444 

51366 
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Percentage of 
Total Plants 

1.9 
2.7 
4.5 

12.2 
11.4 
18.5 
11.2 

7.0 
3.0 
0.7 

26.9 

100 



Tobie 2-2. Di~tribulion of Textile Plants by Size (Number of Employees) 

Number of Employees 

Unknown* 1-4 5-9 10-19 20-49 50-99 100-249 250-499 500-999 1000-2499 >2500 Total 
lV Alabama 41 2 2 8 13. JO 1"~ ..6... ".2. 97 
X Alaska 
IX Arizona 
VI 1\r.Y.ansas 14 14 
IX caiiforn~a 36 2 IB 25 36 "£) 14 7 4 n 
VIII Colorado 3 3 
I Connect~cut 17 2 6 6 15 3 4 2 I>! 
III Dc!<H~are 3 2 I - --
IV F'lorida 32 6 6 13 13 13 2!) 101 
IV Georg~a I 5 13 7 23 43 6 101 22 49 13 7. 479_ 
lX Ha"'1a11. 
X Idaho 2 2 
v Ill~no~s 20 3 13 10 7 10 3 66 
v Ind~ana 7 4 1 15 
VII Iowa 7 
VII Yansas 4 4 
:rv-Kentucky 6 2 2 2 7 2 11 
y_I Lou~s~ana 4 4 3 1 
I Maine 6 4 3 6 4 4 
III ~larJI..lan_ci_ 6 i 9 7 
I Massachu.setts S<; ' 5 5 2" 25 34 27 7 3 184 
v Mich~oan 9 25 
v_ M~nnesota _6 6 y 4 25 
IV M~ss~ss~oo~ 13 4 4 4 25 
VII H~ssour~ _j,_ 2 4 3 2 17 
VIII t-\ontana 1 I 
VII Nebraska 7 7 
IX Nev<Jda 
I New llamosh~re 6 3 2 2' 6 10 1 31 
II Ne\~ Jersey In 11 ?0 31 94 &9 so 20 20 452 
VI New Hex~co 2 2 
II Ne~l York 269 38 2 6(J 162 '7'U 141 68 12 22 893 
IV North Carol~na 309 9 28 47 129 139 234 166 138 45 2 1 248 
VIII Nort Dal:ota 
v Ohio _].1 3 6 6 3 3 9 13 6 60 
VI Okla oma 3 J6 9 
X Oregon 3 12 3 3 1 
III Pennsvlvan~a 134 9 29 26 54 66 92 39 16 22 AH7_ 
I Rhode Island 22._ 6 3 28 13 25 19 5 1 1 
IV South Carol ~na 112. 3 3 5 18 39 39 48 10 10 .28Z. 
VIII South Dakota 
IV Tennessee 39 3 13 ;j!l_ _1_3 26 9 l'i _3. 152 
~I Texas .21 J ..2_ 9 2 41 
VIII Utah 3 3 6 

fll V~rmont ..2_ .2 a 12. 
V~r<ll.raa 26 2 5 6 18 . 12 6. 12 2 89 

X Waslu.ngton 15 15 
III \~est Virauua 5 .5 
v W1.sccns~n 
VIII 1-Jvoml.ng 

_4_ 4 5 4 4 2 23 

TO'l'AL l 444 103 144 242 653 614 991 602 377 159 37 .366 

Reg: ion I 108 8 7 11 57 52 91 75 21 7 437 
II 1"6 49 41 91 256 159 221 B~ 42 22 345 
III 166 9 31 26 64 72 1 9 5J 27 34 2 603 
IV 66 31 34 83 207 26 4;0 J:l4 ?~9 93 24 .d.l7 
v 56 3 13 6 21 1_7 2 ~"(_ 7 4 214 
VI 21 3 7 2 1!1 4 2 3 37 
VII I, 2 4 4 3 14 ') 35 
VIII 3 3 6 1 13 
IX 36 l2 1!1 25 _JQ_ 25 14 7 4 1n 
X 5 II 3 15 3 38 

*No data could~ found concerning the size of the\e planb (number of employees), 
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Of the plants with knCMn sizes, the facilities which errploy 
between 100-249 workers are the rrost mmerous. Plants having size ranges 
of 20-49, 50-99 and 250-499 are the next largest with respect to the 
nurrber of errployees and are about equal in rragni tude. Together these 
four groups contain over 53 per cent of the plants. It is probable that 
many of the plants in the "unknCMn" column would also fall into these 
four size groups. 

2. 3. 4 Distribution of Plants by Age 

Table 2-3 shows the distribution of production equipuent by age 
for the plants visited by industry catego:ry. Process equi:r;ment age data 
was not available in the literature and the extrapolation of the data in 
Table 2-3 to the entire industry would be rreaningless. HCMever, process 
equiprrent age was not considered to be a detenni.ning factor in the genera
tion of potentially hazardous waste destined for land disposal. 

The follc:Ming data summarizes the ages of the process equipment 
at the plants visited in each category: 

(No.) and Percenta9:e of Plants in Age Ran9:e 
mre than 20 years category less than 5 years 5-20 years 

A - ~1 Scouring (2) 50 (2} 50 
B - tml Fabric Dyeing 

and Finishing (1) 14 (6) 86 
C - Greige Goods (1} 20 (3) 60 (1) 20 
D - Woven Fabric Dyeing 

and Finishing (10) 45 (12) 55 
E - Knit Fabric Dyeing 

and Finishing (4) 20 (10) 50 (6) 30 
F - Carpet Dyeing and (1) 9 (8) 73 (2) 18 

Finishing 
G- Yarn and Stock Dyeing (1) 9 (1) 9 (9) 82 

and Finishing 

'lbtals (7) (35) (38) 

Of the plants visited, 47 ~5 per cent had process equipm:mt with 
ages over 20 years, 43.8 per cent with ages frcm 5-20 years and 8. 7 per 
cent with ages less than 5 years. 'Ihese percentages would rrost likely 
be representative of the industry as a whole. 

2. 3. 5 Distribution of Plants by Process 

Because the industry was categorized on a process oriented basis 
rather than a product oriented basis, Table 2-1, distribution of the 
ntmber of establishrcents by industry category, also shc:Ms the distribution 
of the plants by process. 'Ihe foll<Ming summarizes the process distribution: 
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~ Alabama 
x l•las_k.> 

Tobie 2-3. Distribution of Production Equipment by Age for Plants Visited by Industry Category 

A-'Nool Scour- 8 - Wool Fabric C-Greige Good 
lng 0 & f 
23TI23TI23T 

D..Woven F~b~ic 
D&F 

I 2 3 T 
? 1 ~ 

E-Knit Fabric 
D&F 

I 2 3 T 

F<arpet D&F 

I 2 3 T 

G~Yarn and 
St~ck D & F 

2 3 T 
Total 

Visited 
7 

IX hr>~7.~o~n~~~-----4~-f--f-~~-f--f---f--4--~--~-4--t-~--1---r-f--4--f--~--~~--f---~-f--~-vr---Ar1.ansas ---t-~t--1---~----------! 
IX C~lf10l:n~>~a----1---t--1--1---t--1---f--i--ir-r--i--t--i--l~-t--t-~~t---r-t--i--1-~,r-f~-t--r--i---f--4----,-------1 
VfiTCo or.1~o 
!.. Connecucut 1 
nrnl_:l._i\\\',,rc 
w-norida 
:rv-ceorq1.:1 _2 3 -~ 1 A 2 A 11 

tx un~":r;"~l~l'-------1--f-~--+--f-~---t---f--i~+--+--t---+--if-+--f--i~t---ir-t--t--t--+--t--lt-+--+---f-~-------:r x-ro~o 
v---11i~l~n~oTl~s-----1--1-~~~~f--1---t--r~r-i---r-t--t--t--t--t--t-t--1--t--t--t--t--t--ir-t--+-~~1----------1 

Y...:!.. ..OUl..Sl<J.na 
.!_ Mzu.ne 
III II a ry lan 

? . .j 

~ H1nncsota. 
rv--J[ S91S~l 01 
VII fllSSOllrl 

VIII liontana 
Vf~Nnb~ra~sY.~.~~,-----t--1---+--+--~-~--~~--f--f---t-i~-t--t--f---t--t--t--t--i--ir-r-f-1---~-;---~--+-~~---------1 
IX llC'Vadn 

New Hart}psn~rc 
tlew Jersey 

I New Yorl< 
V Nort Caro u1a 

VIII Nortn oa ;ota 
I 

? ' 2 14 

V Ohio 
~~aJ,,~o~m~a------t---~-t--+---~-+---t---t--f---f---t--t--t--t---f---t--i--t--t--i---i~-t--t---ir-i--t---f--1--~---------I 
X Oregon 
,!_II l'ennsv vama 
r-Rhode Island 
l:f.. South C.1ro 1na 
vnr-sou~ r>akotll 
~T<!'11nnssec 

I 12 
1 2._ 

' 1 1 A 2 . ? 

1 
? 

2 

• vr---TexaR , 
~fr.~,,r,,~-------t--i---t--r--t--t---t--r--t--r--t--r--t--t--t--t--1--t--t--t--t--t--t--i---t-i---t--1--4----------!1 

TO'J'AJ, ? ? 1 6 I 1 5 10 12 !2 4 10 6 20 I 8 2 11 I 1 9 .11 ~l 
I 

Roqio~n~;~~~------~~~~~~~~·-r~-~~~~~~~A~+--t~--t-~-1~2~~3-i--t-~1~~1~-1--t--r-~~f--i-2t_~i'~1~--·l1L~---::t 
----~I~I~I------~-4~+-4--1_+-~--·~+-~--+--~+-4-~~~~~~~r-~;-~,~~--t--r--fL--~~~------l__ 

JV 2t--r--;,-t~1-t~1-ro-t.1-r_~c;--~9of<9~~18~~1~1~ft~~~~~~~6t~2+~9·t.-~~~P 
----~v~------·--t--+~~~~r-~---~~-tJ-~-t~~t--r~-L~·~.~~~-t~~~~~~~~'-Lf_J~~·JU --- 61 ---

vr 
VII 

'} ' X 
...--- -! 

Key: 1 - le" than 5 years 
2- 5-20 years 
3 - more than 20 yDGrs 
f- Total 
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Process No. of Plants Percentage of Total 

Wool Scouring 17 0.3 
Wool Fabric Dyeing and 

Finishing 112 2.1 
Greige Gocx:ls 3,359 62.6 
Woven Fabric Dyeing and 

Finishing 651 12.1 
Knit Fabric Dyeing and 

Finishing 738 13.8 
carpet Dyeing and Finishing 
Yarn and Stock Dyeing and 

144 2.7 

Finishing 345 6.4 

Totals 5,366 100 

As shONn in the above breakdCMn, over 62 per cent of the plants are 
engaged in greige goods manufacture which generates no potentially 
hazardous wastes. Of the remaining plants that perfo:rm dyeing and/or 
finishing operations, over 69 per cent are in the woven fabric and knit 
fabric dyeing and finishing categories. 

2. 3. 6 Distribution of Plants by Production 

Table 2-4 shows the estimated distribution of production by 
industry catego:ry. The trethodology used to distribute the production on a 
state-by-state basis for the industry categories is as follows: 

category A - Wool Scouring 

The total estimated annual productio:n in this category, 69,000 kkg/ 
year, was obtained by multiplying the average production rate of the four 
plants visited by the n'l.liTber of plants identified. Sare of the state-by
state data was withheld because of the small nunber of plants in this 
category and the possibility of revealing proprietary production rate 
infoill"ation. 

Category B - Wool Fabric Dyeing and Finishing 

The total estinated annual production in this category, 309,000 kkg/ 
year, was cbtained by multiplying the average production rate of the seven 
plants visited by the nurrber of plants identified. 'Ihe state-by-state 
distriliution was obtained the sarre way. 

Category C - Greige Goods 

The total estimated annual production in this category is 
3, 000, 000 kkg/year. This figure is based on infonnatio:n supplied by the 
A'IMI. Production data distribution was estimated using 1972 Census of 
Manufactures data, Dun Market Indicator data and contractor judgnent. 
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Table 2-4. Estimated Distribution of Production by Industry Category 

Industry Category -Production Thousand Metric Tons/Year 

A B c D 
IV Alabama 46 84 
X Alaska 
IX Arizona 
VI Arkansas 11 2 
IX CalJ.fornJ.a 3 127 2 
VIII Colorudo 4 1 
I Connectlcut * 11 22 40 
III Delal·mre 2 4 
IV I·'lorJ.da 90 15 
IV Georq1a 14 263 170 
IX Hawa11 
X Idaho 1 
v IllJ.noJ.s 4!> 4!> 
v IndJ.ana 11 6 
VII Iowa 3 4 
VII Kansas ~ 2 
IV Kentucky B 6 
YI LOUl.SJ.ana 8 
I Ma1ne 25 5 12 
III 11aryland 8 10 
I Massachusetts 20 44 57 166 
v Michioan 5 19 4 
v M1nnesota 3 17 2 
IV MlSSJ.SSJ.OOJ. 19 4 
VII 11l.SSOUrl. 6 3 
VIII Montana 1 
VII Nebraska 7 
IX Nevada 
I New l!arr.:oshJ.re 16 7 11 
II New Jersev 3o 210 1.'i4 
VI New ~1e:xico 2 
II New Yor·k 28 489 60 
IV North Carol1.na 25 710 334 
VIII North Dakota. 
v Ohio 3 39 25 
YI Oklahoma 13 4 
X Oregon * 11 14 
III Pennsylvanl.a * 2R 330 9 
I Rhode Island * lf.. ~? 9 
IV South Carol1na * 11 175 530 
VIII South Dakota 
rv-Tennessec 3 90 20 
VI Texas 15 8 23 41 
VIII Utah 3 4 
I Vermont 5 5 4 
III Vl.rqJ.nJ.a * 8 44 . 20 
x Wasfiinc:ton 3 14 
III lvcst Viro1n1a 4 
v Wl.sconsJ.n 
Vlii \'ivomJ.nq 

3 l1 2 

TO'l'AL 69 309 3 000 1 801 

Region I 20+ 117 128 242 
II 'iR 699 ?14 
III 20 36 388 43 
IV 53 1 401 1 163 
v 14 14? R4 
VJ: 1') R ')7 47 
VII 3 20 5 
VIII ~ 9 1 
IX 3 127 2 
X * 14 29 

* Data withheld because of its proprietary nature. 

Key: A -WooiScouring 
B -Wool Fabric D & F 
C - Greige Goods 

D-Woven Fabric D & F 
E - Knit Fabric D & F 
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E F G Total State 
3U 'I 38 207 

9 22 
11 81 38 262 

.'i 
5 29 107+ 

6 
10 4 119 
36 409 1'17 1,089 

1 2 
4 38 132 

4 21 
2 9 

•; 
6 9 10 39 
3 l1 
1 10 53 
1 19 

15 9 91 40? 
1 4 33 
5 5 32 
4 27 

1u 19 
T 
7 

5 24 ··63 
-4 135 573 

2 
70 13 178 838 

310 27 409 1,815 

4 4 19 ·~ 1 9 5 52 
1 __,2 31+ 

65 22 154 608+ 
9 1?0 .186+ 

60 27 87 890+ 

38 ~8 38 207 
4 9 100 

4 11 
1 15 

21 4 10 107+ 
17 

1 5 
6 IU 32 

771 679 1.660 ..8.289 

36 9 274 826+ 
110 17 313 1.411 
88. 26 164 J45+ 

494 .so~ 779 4.393+ 
?0 1? 7? ~4 

R ?7 _5 167 
2 10 40 

4 17 
ll 81 38 262 
2 5 50+ 

F - Corpet D & F 
G -Yarn and Stock D & F 



catego:ry D - Woven Fabric Dyeing and Finishing 

'!he total estimated annual production of 1,801,000 kkg/year was 
obtained fran the 1972 Census of Manufactures. Values for sorre of the 
major producing states such as North Carolina, South Carolina, Georgia, 
Massachusetts, etc. , were also obtained fran Census data, however, for 
those states not included in the Census report, the production, after sub
tracting the knONn state productions fran the total, was divided by the 
nurrber of plants remaining to obtain an average production per . plant. 
'Ihis value was then used to detennine the production for those states not 
identified in the Census report. 

Category E - Knit Fabric pyeing and Finishing 

Estimating the total annual production of dyed and finished knits 
fran the Census data is extrerrely difficult if not i.rqx>ssible because of 
the way the infonnation is reported. For exarrple, hosie:ry is reported in 
thousand dozen pairs. 'Ihe estimate of the total annual production, 771,000 kkg/ 
year, is based on figures supplied by the A'IMI and the assurrption that the 
ratio of dyed and finished goods to greige goods is the sarre for knits as 
it is for wovens. 'Ihe state-by-state distribution was based on contractor 
estimates made by using the data obtained fran the visited plants and 
judgrrent as to whether the state totals were consistent with the gathered 
infonnation and the number of plants identified in the state. 

category F - carpet pyeing and Finishing 

The total estimated annual production for this catego:ry, 679,000 kkg/ 
year, was obtained as follows: 

877 X 106 
X 144 X 4.5 X 0.91 = 679,000 kkg 

3816 2000 
where: 877 x 10 = square yards of carpet/year fran 1972 Census of 

Manufactures 
144 = nurrber of carpet plants that dye and finish 
381 = total number of carpet plants 
4. 5 = pounds per square yard of finished carpet (average value) 
2000 = pounds per ton 
0. 91 = rretric tons per ton 

'!he state-by-state distribution was acccmplished by attributing 
12 per cent of the total production to California (an estimate obtained 
during a visit to a california carpet plant) and allocating the remainder 
on an average production per plant basis. '!his nethod is felt to be 
reasonably accurate because the production for the state of Georgia anounts 
to about 60 per cent of the total, as claiired by the carpet and Rug 
Institute (CRI). 
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CategoJ:y G - Yam and Stock Dyeing and Finishing 

Census data rould not .be used in this category because the Census 
report does not include data for captive products. Many integrated plants 
that dye and finish their CMn yarn and stock do not appear in the Census 
data. 'Iherefore, the total annual production of 1,660,000 kkg/year was 
c:btained by usihg a selected average of the 11 plants visited and multi
plying by the total nurrber of plants identified. The state-by-state distri
bution was done the sazre way. 

In Sl.l111'1la.IY, a total of 8, 289,000 kkg/year is produced by the 
textiles industry. 'Ihose categories that generate potentially hazardous 
land-destined wastes produce 5, 289,000 kkg/year. '!he percentages of the 
total for each industry catego.ry are: 

Annual Production Percentage of 
Industry Categocy Rate (kkg/year) Total Production 

A - W:x:>l Srouring 69,000 0.8 

B - Wx>l Fabric Dyeing and 309,000 3.7 
Finishing 

C - Greige Goods 3,000,000 36.2 

D - Woven Fabric Dyeing and 1,801,000 21.8 
Finishing 

E - Knit Fabric Dyeing and 771,000 9.3 
Finishing 

F - carpet Dyeing and Finishing 679,000 8.2 

G - Yarn and Stock Dyeing and 1,660,000 20.0 
Finishing 

Totals 8,289,000 100 

Of the categories that generate potentially hazardous wastes, 
~Fabric Dyeing and Finishing and Yarn and Stock Dyeing and Finishing 
are the largest with respect to annual production and catbined, arrotmt 
to 41.8 per cent of the total production. 
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'!he EPA Regional distribution of the total production is: 

EPA Region 

I 
II 

III 
rv 
v 

VI 
VII 

VIII 
IX 
X 

kkq/year in Region 

826,000 + 
1,411,000 

745,000 + 
4,393,000 + 

344,000 
167,000 

40,000 
17,000 

262,000 
50,000 + 

Percentage of 'lbtal Production 

9.9 + 
17.0 
9.0 + 

53.0 + 
4.2 
2.0 
0.5 
0.2 
3.2 
0.6 + 

l-bre than 53 per cent of the total production in the industry occurs in EPA 
Region IV alone. Approximately 90 per cent of all production occurs in 
EPA Regions I, II, III and IV. 
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3.0 WASTE CHARAC'IERIZATION * 

3.1 Introduction 

In this section, the processes, the wastes resulting fran each 
process, and the quantity of total and potentially hazardous waste generated 
are described for each segment of the industry. Discussions of the criteria 
errployed for the detennination of potentially hazardous wastes and a 
general description of the waste sampling techniques and analytical xrethods 
used are also included. Finally, a rationale for the selection of waste 
streams for technology and cost analysis is presented as the final sub
division of the waste characterization section. 

The flow diagrams accanpanying the process and waste streams 
descriptions are presented in the following format: 

Raw materials are on the left and products are on the right. 
Waste products, both solid and liquid, are projected dCMlWard. 

All diagrams are based on 1,000 units of mass of the principal product. 
For clarity, several operations have, in sare cases, been carbined in one 
block. The diagrams reflect our technical judgment of typical or usual 
operations in the given industrial category, rather than those associated 
with a specific, identifiable plant. Production rates and other data for 
the assurred typical plant are given in the text accanpanying each diagram. 
Descriptions of individual processing steps were kept as brief and as 
general as possible. The glossary (Appendix A) of this report addresses 
specific operations and serves as an excellent supplerrent to the reader who 
would like nore detailed information on any given operation. Dyeing and 
printing operations are extensively described in the glossary. 

3. 2 Criteria for Detennination of Potentially Hazardous Wastes 

"Hazardous wastes" are defined as any wastes or c:x:rcbination of wastes 
which pose a substantial present or pOtential hazard to human health or 
living organisms because such wastes are: lethal, nondegradable, or persistent 
in nature~ may be biologically :magnified; or may otheiWise cause or tend to 
cause detrimental curm.ll.ative effects (11). 

Hazardous wastes include materials which are: 

a. toxic or poisonous (prcrlucing injury or illness through 
ingestion, inhalation or absorption through any skin surface); 

b. corrosive (destructive to living tissue) ; 

c. irritants (induce local inflamnatory reaction in living 
tissue); 
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d. strong sensitizers (cause hypersensitivity on living tissue 
through an allergic or photo-dynamic process) : 

e. flanmable; 

f. explosive (generate pressure through decarp:>sition, heat or 
other rreans) ; 

g. infectious (represent a potential source of the transmission 
of diseases to human danestic animals or wildlife); 

h. radioactive; 

i. carcinogenic {causes malignant tUIYDrs) ; 

j. nutagenic (causes heritable genetic changes); 

k. teratogenic (causes non-heritable genetic changes). 

'Ihese wastes can take the fo.nn of solids, slu:lges, liquids or gases (12, 13} • 

'!he criteria used to detennine the hazardousness of heavy rretals 
and total organics present in textile wastes are the U.S. Public Health 
Service 1962 drinking water standards. The limit for total organics is 
0. 7 ng/liter and contractor analytical results shewed much greater arrounts 
(as much as 500 ng/liter) in sanpled slu:lges. '!he heavy metals of nost 
ooncem in the textile industry include arsenic, cadmium, chranium, cobalt, 
oopper, lead, mercucy and zinc. The specific limits in drinking water 
range fran 0.001 IIY3/liter for mercury to 5 IIY3/liter for zinc. '!he other 
limi. ts are detailed in the table belcw. 

Metal Limit 

As 0.05 IIY3/liter 

Ba 1. 0 IIY3/li ter 

Cd 0.01 ng/liter 

Cr(+6) 0. 05 ng/liter 

Co 0. 2 ng/li ter 
Ol 1. 0 ng/liter 

Fe 0. 3 ng/li ter 

Pb 0.05 ng/liter 

Mn o.os ng/liter 

Source 

1962 Mandatocy drinking water standards, 
u.s. Public Health Service 

1962 Mandatocy drinking water standards, 
u.s. Public Health Service 

1962 Mandatocy drinking water standards, 
u.s. Public Health Service 

1962 Mandatocy drinking water standards, 
U.S. Public Health Service 

Criteria for agricultural waters (irrigation) 
1962 Rec::clmended drinking water standards, 

u.s. Public Health Service 
1962 Rec::clmended drinking water standards, 

U.S. Public Health Service 
1962 Mandatocy drinking water standards, 

U.S. Public Health Service 
1962 Reccmrended drinking water standards, 

u.S. Public Health Service 
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~tal Limit Source 

Hg 0. 001 mg/liter Tentative suggested limits of certain trace 
elemmts not included in drinking water 
standards, U.S. Public Health Service 

Criteria for agricultural waters (irrigation) 
1962 Mandato:cy drinking water standards, 

Ni 
Se 

Zn 

0 • 5 rrg/li ter 
0. 01 rrg/li ter 

5 reg/liter 
U.S. Public Health Service 

1962 Reccmrended drinking water standards, 
U.S. Public Health Servi~ 

'lhe drinking water standards were chosen as. the criteria for deter
mining the hazardousness of textile wastes since the landfill is a ccmron 
disposal site for these wastes and resultant ·leachate may contaminate an 
aquifer, the ground water, or surface water, and u1 timately reach a drink
ing water supply. 

The prcblem of hazardousness of dyestuffs is of major concern in 
the textiles industry. 

. t . 
Dyestuffs are cacplex organic ccrrpounds refractocy (non-bio

degradable) to conventional aerobic treatnent systems. Scme dyestuffs con
tain heavy netals, such :as chranium, copper anq zinc. Only about 50 per 
cent by weight of ccmrercial dye is dyestuff. ·'Ihe remainder is usually a 
non-hazardous filler (such as sugar) and surfactant. The consumer has 
actively demanded brighter colors as well as better lightfastness and wash
fastness in fabrics. This has resulted in the various types of resistant 
dyes in the textiles industry today. 

The major dye types used on different fibers and the arrcunt of 
total dye use this represents is given below. (8) 

Dye Types 

Vat dyes 
Direct dyes 

Disperse dyes 

Acid dyes 
Sulfur dyes 
Basic (cationic) dyes 

Azoic dyes 
Fiber reactive dyes 
Fluorescent dyes 

Fiber Used On 

cotton, rayon, polyester/cotton 
cotton, rayon, polyester/cotton, 

nylon/cotton 
acrylic, acetate, polyester, polyester/ 

cotton, nylon 
wool, nylon 
cotton, rayon, polyester/cotton 

1 acrylic, polyester, polyester/cotton, 
nylon 

' cotton, rayon 
cottpn 
cotton, wool, rayon, polyester/cotton 
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;per Cent 
of Total 
Dye Use 

26% 

17% 

15% 
10% 
10% 

6% 
3% 
1% 
1% 



Dye TypeS 

Mordant dyes 
Aniline black dyes 
Developed dyes 
Dye blends 
Indigo dyes 
Natural dyes 
Oxidation base dyes 

Fiber Used On 

wool 
cotton ) 
cotton, rayon ) 
polyester/cotton ) Totals 
cotton, nylon/cotton ) approximately 
cotton ) 
cotton ) 

Per Cent 
of Total 
Dye Use 

1% 

10% 

100% 

As const.mer de.mands shift tcMard greater use of synthetic fibers, 
percentages should shift toward greater use of disperse, direct and basic 
dyes. Hcwever, as :rrore information becaoos available on the nature of the 
environrrental hazards posed by various dye types, it is possible that these 
percentages will shift to vat dyes and perhaps of necessity to new dye 
types not yet developed. 

Although pollution resulting fran dye process effluents is hi!ghly 
visible, the toxicity of dye wastes has largely been ignored tmtil recently. 
'Ihe Arrerican Dye Manufacturers Institute (.ru::t-rr~ beginning in 1971, sponsored 
several studies to evaluate the toxicity of a broad spectrum of dyes on 
fish and algae; to evaluate dye.biodegradability and effect an aerobic and 
anaerobic processes; and to evaluate dye and non-dye sources of heavy metals 
in textile effluents. 

Dyes derive their color fran electron transitions between various 
o.rbi tals. All organic campotmds absorb light energy, but in an unsaturated 
system, the electrons are nore nobile and resonance will cause absorption 
of the lcwer energy light in the visible range. Certain groups of a terns are 
associated with color and are called chrcm:>phores: c-c, c-o, c-s, C-N, N-N, 
N-o, and ID2. lloNever, colored :rrolecules (chrcrrogens) are not dyes tmless 
they contain auxochrares such as NH2, NH (CHs) , N (CHa) 2 , and OH, which enable 
the nolecule to dissociate electrolytically for binding with a substrate. 
Auxochrares may or may not alter the color of a dye. 

One of the problems encountered in trying to assess the toxicity 
of dyes is that toxicity analogies between known structures and dyes fall 
short. A sinple change in the location of an auxc:x::hrare, chrarophore or 
other substituent may alter the toxicity of a dye drastically. Also, many 
dyes are heterocyclic compounds and exhibit chelating action. Therefore, 
toxicity could result either by the rerroval of metals essential to the 
environm:mt or by synergistic action to increase the toxic effects of metals 
normally present. 
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The observations from the ADMI sponsored fish bioassay study of 
46 c."'t:jes include the follCMing: (16) 

- none of the direct or vat dyes were toxic and rrost disperse 
dyes were not toxic. 

- rrordant black 11 and acid black 52, similar in structure, had 
similar *TL 50 values (6 and 7 ng/liter, respectively). 

- triphenyl.Irethane dyes were the rrost toxic with the triamino
phenyl..m:!thane, basic violet 1, toxic at lcwer concentration 
than was the diaminopheny.lmethane, basic green 4. 

- in diaminoanthraquinone dyes the degree of toxicity appeared 
to be directly related to the arrotn1t of substitution. 

- pH may affect toxicity by influencing the degree of ionization 
of the dye and the degree of ionization of its site of action 
on a test organism. 

Of the 46 dyes studied, 13 had *TL50 values less than 50 ng/liter, 
with 10 of these dyes at less than 10 ng/liter. Fran a dye class standpoint, 
the basic dyes appear to be the rrost toxic due to their cationic nature. 
cationics such as malachite green have long been known for their therapeutic 
ftmgicidal effects and bacteriostatic and arrebicidic activity. (16, p. 11) 

'!be direct and vat dyes were in all cases found to be non-hazardous. 
Hcwever, th"" disperse and acid dyes had a few exceptions: 

Dye Naire 

disperse blue 3 
disperse blue 7 
acid black 52 
acid yellcw 38 
acid blue 113 
acid green 25 
acid blue 25 
acid yellCM 151 

1 ng/liter 
52 ng/liter 

7 ng/liter 
23 ng/liter 

4 ng/liter 
1 ng/liter 

6. 2 ng/li ter 
29 mg/liter 

A similar bioassay study of algae was undertaken ( 17) on the 46 dyes 
previously studied along with 10 additional basic dyes since these shaved 
the rrost toxic effects in the fish bioassays. '!he results showed a strong 
correlation with the effects on fish. '!he basic (cationic) dyes inhibited 
algal grc:Mth by rrore than 80 per cent at 1 ng/liter. Mordant black 11 and 
disperse blue 7 also showed these results. 

*TL 5 o values are ooncentration values of the dyes in the experi.Irental water 
environrrent at which 50 per cent of the fish survived. 
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A study of the effect of biological trea'l:lrent on nine dyes shCMn 
to be toxic to fish (18) concluded that ·1one of the dyes seriously interfered 
with the reduction of roo. Sore of the dyes did inhibit nitrification 
(oxidation of armonia to nitrate) and this could reduce the effectiveness 
of a biological treatment system. Vhile the dyes tested did not seriously 
interfere with conventional biological trea'l:lrent, this trea'I:Irent was not 
adequate for renoval of color or toxicity due to the presence of dyes. 

Other Ail1I sponsored studies included investigation of the effect 
of dyes on both aerobic (19) and anaerobic systems (15). In an aerobic 
system, 17 of the 46 dyes tested were inhibitory; however, saoo of these 
dyes became non-inhibitory after microbial acclimation. In the anaerobic 
process studies, two of the dyes (both anthraquinones) caused conplete 
process failure by inhibiting rrethane fennentation. 'IWo other dyes had 
initial inhibitory effects which were overcate by acclimation. The dyes 
also showed varying anounts of decolorization possibly due to physical 
adsorption onto the sludge, reduction reactions, microbial activity or 
various carbinations of all three. 

'Ihus while data on human toxicity is not available, the various 
studies sponsored by the AINI on fish and algal toxicity do indicate that 
the basic (cationic) dyes and sene acid and disperse dyes do warrant the 
label "potentially hazardous." Various thesis studies done at the Georgia 
Institute of Technology also serve to show the refractory nature of such 
dye types as anthraquinone disperse dyes (20), vinyl sulfone reactive dyes 
(21), and azo disperse dyes (22) in waste treatment systems. The conclusion 
to be drawn fran these various sources are that dyes are essentially non
biodegradable given the aeration and retention tirre in a conventional waste 
treatnent facility. '!here is no indication fran these studies of how these 
dyes might react in a landfill. In fact, they may be subject to anaerobic 
degradation. This gives rise to another problem concerning the nature of 
dye rretaboli tes which may arise fran dye degradation. 

In the AIMr sponsored study of anaerobic processes (15), it was 
found that many of the dyes appeared to have been decolored or altered {in 
visible spectra) during the anaerobic digestion process. Only 4 of the 46 
dyes tested showed no signs of decolorization. The extent of degradation 
was not studied, but the various possible rrechanisms of decolorization were 
discussed. A sanitary landfill is subject to anaerobic digestion and, there
fore, the possibility of degradation of dyes present in landfilled sludges 
exists. Industry contacts indicated that a m.mber of dyes such as acid 
blue 113, acid red 85, and direct blue 2 have carcinogenic intennediates. 
Acid blue 113 requires the use of alpha naphthylamine as a synthesis inter
rrediate, and acid red 85 and direct blue 2 are both benzidene-based colors. 
Vhile studies {15) indicate possible anaerobic digestion of dyes in land
filled textile sludges, they provide no knowledge of the nature of any 
metabolites resulting fran the dye degradation. It is obvious that rruch 
work is needed to confinn anaerobic digestion of dyes and to characterize 
resultant dye rnetaboli tes for toxicity and/or carcinogenicity. However, 
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until such studies are initiated and ccnpleted, the contractor believes the 
question of dye degradation under anaerobic landfill conditions and resultant 
rretaboli tes indicates the necessity of labeling dye-containing waste streams 
"potentially hazardous." 

A large variety of chemically carplex dyes are used in mills 
where textile products are dyed. On an industcy-wide basis, it is a 
virtually insurmountable task to trace the uses and fates of those dyes 
shewn by the AI:1-1I studies to be toxic. 'lb further illustrate the ccmplexi ty 
of the problem and the lack of data, only 56 of the nore than 1,000 dyes 
camercially available were tested. It is rrore than likely that many rrore 
dyes could also prove toxic if additional bioassay studies were done. 
Hc:wever, since 30 per cent of the dyes tested proved to have appreciable 
toxicities to fish and/or algae, and since knowledge on human toxicity is 
alrrost totally lacking in this area, it is felt that dye-containing waste 
streams are potentially hazardous. 

In smmary, basic (cationic) dyes 1 sare acid dyes 1 and sare disperse 
dyes have been shewn to be toxic to fish and algae in bioassay studies, and 
therefore, are considered potentially hazardous. The remaining dye types 
are refractory organics which may degrade in an anaerobic atmosphere such 
as a landfill and leach out possible carcinogenic rretaboli tes. For these 
reasons, all dye-containing waste streams are to be considered potentially 
hazardous. 

Heavy metals are recognized as potential toxicants, depending on 
their concentration and chemical fonn in the environnent. Metals which are 
nost likely to be present in textile wastes and which have been cited as 
cause for concern (23) include: 

Metal 

Arsenic 
Cadmium 
Chranium 
Cobalt 
Copper 
Lead 
Mercury 
Zinc 

Range of Metal 
Concentrations, ppm 

<1 to 1.4 
<1 

3 to 83 
<1 to 3.2 

33 to 110 
6 to 52 
0.5 to 1 
3 to 32 

Dye Type with Highest 
Metal Content 

fiber reactive 
all types 
vat 
acid 
vat 
fiber reactive 
vat 
basic 

These metals are contained in prenetallized dyes (3-4 per cent rretal content) 
and sare basic dyes requiring preparation as a double salt of zinc (3 per 
cent rretal content), dichrana.tes used to oxidize and fix certain dyes; 
chranium carpc:nmds used in topchrcming; various rretal salts such as 
zn (NO 3) 2 used as catalysts for the application of wash-and-wear 1 durable 
press and water repellent finishes; heavy rretal canpotmds used to inprove 

3-7 



washfastness or lightfastness in certain fabrics; ITEtals used in flaiTE 
retardant finishes; and ITEtals entering a mill on fabrics and fibers also 
fran application of pesticides or other chemicals. 

In all cases where limits have been recamended for arrounts of 
heavy ITEtals in drinking water, these lirni ts are used to define a substance 
as hazardous. 'Ihe 1962 mandatOJ::y and reccmrended drinking water standard 
limits of the U.S. Public Health Service were chosen because of the possibi
li ty of leachate from textile sludges in a landfill contaminating an aquifer 
or groundwater and ultimately reaching a drinking water supply. In the case 
of Co and Ni, no drinking water standards have been recarmended. The limits 
used for Co and Ni were foU!rl in the Criteria for Agricultural Waters 
(Irrigation) • 'Ihe Hg limit selected is one of the tentative limits suggested 

by the u.s. Public Health Service for certain trace elemmts not included 
in the drinking water standards. 

'Ihe other hazardous ccrrp:>nents of textile wastes includes sarre of 
the many chemicals used in dyeing and finishing operations, such as acids, 
alkalies, bleaches, adhesives and polyrrers, cross-linking agents, carbonizing 
agents (wool), conditioners, catalysts, detergents, dye carriers, chemical 
finishes (including flaiOO retardants) and solvents. See Appendix D for a 
partial listing of the chemicals nost used in the textile industl:y. 'Ihe 
chemicals m::>st likely to be potentially hazardous are the dye carriers, 
sol vents, and chemical finishes. Dye carriers are organic carpounds such 
as biphenyl, orthophenylphenol, butyl benzoate, rrethyl salicylate, trichloro
benzene, perchloroethylene, and other chlorinated aranatics, which accelerate 
the absorption of dyes by the fibers in a dye bath. A study (24) of the 
biodegradability of sare dye carriers in activated· sludge waste treat:Itent 
systems showed the carriers used nost heavily in the textiles industry 
today to be resistant to conventional waste treat:rcent systems. Therefore, 
these dye carriers could be expected to persist in the environmmt. Also 
certain of the carriers such as biphenyl, toluene, naphthalene were con
sidered toxic to the biota of the aeration basin in which they were tested 
for degradation. 

'!he remainder of the chemicals used in the textiles industry 
(estimated to be 75 per cent by weight) are non-hazardous materials such 
as ccrrm:>n salt and sodium sulfate. '!his estimate was based on infonnation 
fran industry contacts. 

'Ihe criteria for considering textile processing chemicals 
hazardous includes the drinking water limits for the various heavy ITEtals 
contained in sane of the salts and the limit for total organics (0. 7 rrg/ 
liter) in drinking water. 'Ihe criteria applied for detennini.ng the 
hazardousness of flaJmlable solvents and still bottan wastes is the 
Depart:mant of Transportatioo' s Flashpoint Standard of 38 · C ( 100 F) (25) • 
~ATe oonsider these to be :potentially hazardous if the solvent constituent 
has a flashpoint bel.cM the OOI' standard. 
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Serre of the sol vents used include: 

Solvents Flashpoints, C (F) 

Acetone 
~thanol 
Naphtha 
Trichloroethane 
Dioxane 
Butyl Carbi tol 
Butyl Cellosolve 

- 9 
18 

- 7 to 43 

18 
115 

74 

(15) 
(65) 

- (20 to 110) 
none 
(65) 

(240) 
(165) 

3. 3 Discussion of Sarrpling Techniques and Analytical Methods Used 

Sarrpling of a representative nurrber of dyeing and finishing mills 
in each subcatego:ry, except C, Greige Goods, was carried out during this 
program. The plants chosen were those deerced representative of a certain 
subcatego:ry in terms of processing and fiber types used. 

Four-hour canposi te sludge sanples fran textile mill wastewater 
treatment facilities were collected from the clarifier underflow returning 
to the aeration pond. Two separate sets of sanples were taken, one for 
heavy netal analyses and one for chlorinated organic analyses. Sarrpling 
was repeated at each plant once a week for four consecutive weeks. 

Sanples eannarked for heavy netal analysis were put in plastic 
bottles and acidified with nitric acid to a pH of 2. The sanples for 
organics analysis were not acidified and were handled carefully to avoid 
contamination. 

The textile sludges had solids contents of 2 per cent or less 
and therefore, the atanic absorption rrethod for detennining total trace 
rretals was used. '!he solids content of the textile sludges was detennined 
by total evaporation of a voltm"e of unpreserved sarrple and drying to a 
constant weight. Details of this and other analytical rrethods used can 
be found in Appendix C. 

For atanic absorption analysis, the sludge sarrples were digested 
using heat and acid addition, the residue redissolved in acid and sanple 
volurre adjusted with distilled water. The samples were then filtered to 
renove insoluble materials, and aspirated directly into the flame source. 
The abso.rbence was recorded and the corresponding rretal concentration 
detennined. 

A1 temate rrethods were used to dete.rmine rrercu:ry and arsenic 
concentrations. Mercu:ry concentration was rreasured by the flarreless 
atanic absorption rrethod using a quartz larrp as the radiation source to 
vap:>rize the rrercu:ry. Arsenic was ·detennined either by atanic absorption 
or by the silver diethyldithiocarl>amate nethod (see Appendix C) • 
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Trace anounts of netals in the suspended solids portion of the 
non-acidified sluige sarrq;:>les were neasured by centrifuging a sanple, 
drying and digesting the solids and then using the atani.c absorption nethod 
as nentioned above. 

'!he suspended solids in the sludge sarrples were d.etennined by 
filtering, drying and weighing a known vol\lll'e of the sarcple. 

'!he chlorinated organics were detennined fran the non-acidified 
sludge sanples by gas chranatography. 'lbe sanples were prepared by 
adjusting the pH to 6.5-7.5, extracting with nethylene chloride in hexane, 
concentrating the extract on an evaporating hot water bath and injecting 
the extract into the gas chranatograph. 'lbe concentration of chlorinated 
organics was then calculated. 

3. 4 Olaracterization of Waste Types by Industry categories 

'!he nethod used to extrapolate waste quanti ties to the entire 
indust.I:y category is the saxre in all categories that generate potentially 
hazardous wastes. 'lberefore, to avoid repetition in each category's dis
cussion of waste quantities, the extrapolation nethod used is given below. 

Waste quanti ties were keyed to the production rates. 'lbe waste 
generation factors (kg of waste/netric ton of product) identified in 
Figures 3-1 through 3-7, were applied to product.;!.on figures to yield " 
state-by-state quantities of total wastes, cx:mta:i.ner wastes and wasted 
sludge. 

'lhrough discussions with induStry representatims, the oontractor 
has estinated that only 25 per cent of the chemicals used in dyeing and 
finishing operations should be oonsidered __ potentially hazardous. '!his 
figure was used in the esti.nation of hazaidous constituents in the chenl:i.cal 
container waste streans. 

equation: 
Retained sludge quanti ties were established using the following 

VxSSxSRP=DSR 
p 

Wlere: 

V =Average ratio of wastewater aeration basin volume* to 
P productim of the direct discharge plant* 

ss = Per cent suspended solids** divided by 100 

SRP = State or regional producti<m attributed to direct discharge 
plants 
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DSR = 'Ibtal arrount of dcy solids retained in any given state 
or region 

* Data acquired by plant visits 
** Data acquired by laboratory analysis 

Once the dry retained slud.ge quanti ties were identified, the 
total heavy rretal and total chlorinated organics concentrations were nul ti
plied by the sludge quanti ties to determine state or EPA regional distri
butions of these hazardous constituents. Wet retained sludge quantities 
were calculated fran the dry arrounts using per cent suspended solids 
measuren~ts determined by laboratory sludge analysis. 

Dyestuff quantities in the sludge were estinated by the contractor 
to be approximately 5 per cent of the dry weight of the sludge. 

Descriptions of typical processes employed and wastes generated 
by each category of the textiles industry are given belCM. The reader 
should be aware that while data in the state-by-state distribution of the 
tables are expressed in two significant figures, they are displayed in this 
manner si.rrq;>ly to have the colUITQ1S total properly. Data in the "'Ibtal" and 
"Region 'Ibtal" sections may be expressed in three or nore digits. It should 
not be construed that these totals have a higher degree of accuracy than 
the "state" entries. 

3. 4 .1 Categozy A - WoOl Scouring 

The four plants v.isi ted in this category are located in EPA regions 
I, III and IV. Annual production of the visited plants range fran 1, 400 
rretric tons to 5, 700 metric tons. A typical plant with wastewater treat:Irent 
facilities produces 5,600 metric tons/year of product. The nuni>er of 
employees at the four plants range fran 85 to 270 and average 180. Plant 
ages range from 15 to 75 years, and average 33 years. Operations no:mally 
run 2 or 3 shifts per day, 5 days per week, 52 weeks per year. 

3.4.1.1 Process Description 

A mass-balanced flCM diagram of the typical wool scouring pro
cess is shown in Figure 3-1. Grease wool, received in bales (each bale 
usually contains the fleece of 2 or 3 sheep) is first sorted and blended 
with other wool according to the grade of the wool and its ultimate 
use. 'nle wool is then fed to the scouring train, which consists of several 
bc:Mls (open tanks) through which the scouring liquor flCMS co1.mtercurrent 
to the wool flCM. Detergent is not added until after the wool passes 
through the first bc:Ml. Grease-laden water fran the first bc:Ml is sent to 
a grease recovery system. Mechanical separation (heating, settling, 
centrifuging, recirculating) is the roost widely used system in the 
United States for grease recovery; however, acid cracking is an alternative 
rrethod of grease recovery. Approximately 3 to 3 1/2 per cent of the 
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Figure 3-1. CATEGORY A- TYPICAL WOOL SCOURING PROCESS 
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0 -WATER POLLUTION ABATEMENT WASTE TO LAND 

• - POTENTIALLY HAZARDOUS WASTE STREAM TO LAND 
•• - SEE TABLE 3-1 FOR SPECIFIC METALS 

NOTE: AN AVERAGE OF 780 KG (DRY), 7,800 KG (WET) SLUDGE IS 
RETAINED CONTAINING 4.1 KG TOTAL HEAVY METALS,** 
AND f.Oxto·3 TOTAL CHLORINATED ORGANICS {NOT 
INCLUDED IN MASS BALANCE). 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

TOTAL HEAVY METALS** 3.0 
TOTAL CHLORINATED ORGANICS 730x1Q-6 



weight of the grease wool is recoverable and is usually sold to processors 
who further refine it into lanolin. The scouring operation rerroves the 
natural irrpuri ties (grease, suint, sare vegetable matter, etc. ) fran the 
wool. The wool is then washed to rerrove any traces of the scouring 
chemicals, and dried. Clean wool may be sold at this point, h<Mever, at all 
the plants visited, it was further processed into top. 'Ibp preparation 
is a series of operations usually consisting of carding, gilling, carbing, 
and final gilling. 

3. 4 .1. 2 Waste Stream Descriptions * 

Product (wool top) weight is approximately 50 per cent of the 
raw naterial (grease wool) weight. '!his figure nay range fran about 
35 per cent to 55 per cent depending on the grade of wool, its origin, and 
other variables, but usually averages near 50 per cent for the typical 
plant and product mix. As a result, this category's total waste (including 
saleable waste and grease) weighs approximately as much as the product. '!his 
category's typical plant land-destined waste stream:; are surrm:rrized as foll<Ms: 

Waste Source 
Quantity (kg of waste/ 
kkg of product) 

dirt and wool sorting and blending 12 
dirt and vegetable scouring 26 
matter 

fly and sweeps drying, top preparation 2 
wool waste top preparation 55 
wasted sludge wastewater treabrent 570 (dry) 5, 700 (wet) 
retained sludge * wastewater treatmmt 780 kg (dry) 

7,800 kg (wet) 
* '!he retained sludge quantity is an accumulation over the life of 

the pond. 

3. 4 .1. 2 .1 Potentially Hazardous or Non-Hazardous Constituents 

'!here are no potentially hazardous constituents in the land
destined wool, dirt, vegetable natter, fly, and sweeps wastes identified 
in Figure 3-1. Additionally, there are no dye or chemical container 
wastes (and their potentially hazardous residuals) due to the sirrplicity of 
the process, purchase of detergent in bulk, and no dyeing operations. 
HCMever, potentially hazardous constituents were found in samples of this 
industry's wasttwater treatmmt sludge. 'Ihese potentially hazardous 
constituents are heavy rretals and chlorinated organics. 

3.4.1.2.2 Sampling Results 

Table 3-1 shc:Ms the results of analyses perfonred on carposite 
sludge samples taken weekly over a period of four weeks. In every ·instance 
where drinking water limits are established, rretals or organics concen
trations exceed these limits. Solids content of this sludge was the 
highest of all categories of the industry. Iron accO\mted for over 90 per 
cent by weight of the heavy rretals content. Analysis perfonred for total 
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Parameter 

Arsenic 
Barium 

. Cadmium 
Chromium 
Cobalt 
Capper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Zinc 

Total Heavy Metals 

Aluminum 
Magnesium 
Potassium 
Sodium 
Strontium 

Totai'Chlorinated 
Organics 

Suspended Sol ids (%) 
Total Sol ids {%) 

Table 3•1 

Category A - Wool Scouring 

Sludge Analyses 
(mg,/kg of dry sludge) 

Drinking Water 
Limit* (ppm) 

0.05 
1.0 
0.01 

! 0.05 
** 
1.0 
0.3 
0.05 
0.05 
o·.oo2 

** 
5.0 

** 
60.0 
** 
** 
** 

0.7 

'** 
'** 

(1) Average of 4 measurements from one plant 

Average 

<0.1(2) 
59 
1.2 
19 
4.2 
18 
4,820 
28 
205 
<0.01 
<2 
12.5 

: 106 

4,860 
5,560 
9,240 
675 
21.6 

1.28 

9.8 
10.1 

(1) 

(2) Less than vaiues were considered to be at the maximum in computing the totals 
* U.S. Public Health Service. Drinking Water Standards. 1962. 
** No drinking water standards have been set for these metals. 

3-14 



chlorinated organics sha-red 99 .1 per cent by weight of the total content 
(1.28 ppn) was in the solid phase of the sludge, with the remainder in the 
liquid phase. Detailed sampling results may be found in Appendix C of 
this report. 

An average of 780 kg (dl:y) or 7, 800 kg (wet) of sludge is retained 
in the typical plant's wastewater treat:Irent system, containing 4 .1 kg of 
total heavy retals, and 1. 0 x 10- 3 kg of chlorinated organics. 'Ihe typical 
plant disposes of 570 kg (dl:y) or 5, 700 kg (wet) of sludge for every retric 
ton of wool top produced. '!his wasted sludge contains 3 kg of total heavy 
metals and 7. 3 x 10-~ kg of total chlorinated organics. 

3.4.1.3 Waste Quantities for 1974, 1977, and 1983 

Table 3-2 identifies total wastes for this category in 1974, 1977 
and 1983. Waste generation shCMs no change of status in 1977 and 1983 
because production is considered stabilized at the current level for these 
years. 

Sludge quantities and its potentially hazardous constituents 
amounts appear in Table 3-3 for 1974 and 1977. Because there is little 
or no change anticipated in textile wastewater treat:Irent in 1977, it .was 
considered to relate sludge quantitif'.s to production for that year. HCMever, 
it is anticipated that 1983 regulations will bring about a change in nethods 
of treat:Irent. Table 3-4 lists the qnantities of wastewater treat:Irent sludge 
expected in 1983. 'lbe best estimate of the effects of 1983 legislation was 
found in the report prepared. for the National Ccmnission on Water Quality 
entitled "Textile Industry Technology and Costs of Wastewater Control" (10). 
'!he figures for sludge generation in 1983 were based on the projected 
figures fran this report. It was not possible to differentiate the am:nmts 
of retained and disposed of sludge for 1983 so the estimated values for 
this year reflect the total annunt. 

Region I is the primary center for this irrlustry, with 40 to 
50 per cent of production and wastes. Sare state-by-state data has been 
withheld due. to the proprietaJ:y nature of production figures, on which 
waste generation is based. 

3. 4. 2 category B - Wx>l Fabric Dyeing and Finishing 

'!he seven facilities visited in this category are located in 
Massachusetts, Maine, New Harcpshire, and Georgia. Annual production of 
these plants range fran ~50 metric tons to 9,000 netric tons. The typical 
plant with wastewat:er treat:Irent facilities produces 5, 200 netric tons 
annually. None of the seven plants produces 100 per cent wool cloth as a 
sole product. 'lbe follCMing data sumnarizes various aspects of these plants: 
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IV 
X 
IX 
VI 
IX 
VIII 
I 
III 

Table 3-2. Category A- Estimated Quantities o( Total Wastes 
from Wool Scouring Operations (KKG/iR) 

1974 1977 
Dry Wet Dry Wet Dry 

Alabama 
Alaska 
Arizona 
Arkansas 
Cal~forn~a 
Colorado 
Connect~cut 

Dela~·rare 
~FlorJ.da 
IV Georg~a 

IX Hawa~~ 

X Idaho 
·v Ill~no~s 
v Ind~ana 

VII Iowa 
VII Kansas 
IV Kentucky 
VI Lou~s~ana 
I 1-la~ne 

III Haryland 

1983 
Wet 

I Massachusetts 9 .30() 75.900 9.300 75 900 6.1PQ.. Ut!..ZOO v M~ch~gan 

v M~nnesota 
IV M~ss~ss~:oo~ 
VII M~ssour:l 

VIII Montana 
YII Nebraska 
IX Nevada 
I New Hampsh:Lre 
II New .Jersev 
\rr Ne\-1 ne~:1co 
II New York 
IV North Carol:lna 
VIII North Dakota 
v Oh10 
VI Oklahoma 

·x Ore9:on * * * * * 
III Pennsvlvan:la * * .. * * 
I Rhode Island * * * * * IV South Carol:lna * * * * * VIII South Da}:ota 
IV Tennessee 
YI Texas 7.000 57.400 7.000 JL7 400 4,500 
VIII Utah 
!_ Vermont 
III V1rg:1n~a * * * * * x 'Na sflu.gton 
III Nest Vira~n1a 
v N:lscons:ln 
YIII Nvom1nq 
'l'OTAL 32.000 261.600 3UOO 1261 ~00 ~0.201!_ 

Region I 1_3,500 109 800 13 500 109 800 8 800 
II 
III, 1'.' and 

X 11,600 94,000 11,600 94,£00 7,600 
v 
VI 7.000 _57.AOO 7.000 57.400 ~00 
VII 
VIII 
IX 

* Production data was withheld due to its proprietary nature; thus waste 
quantities are not provided. · 
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.---- --·-
RETAINED SLUDGES' (KKG) WASTED SLUDGES" 

ToLle 3-3. Category A -Quantities of Potentially Hazardous Wastewater Treatment Sludges 
from Wool Scouring Ope rat ions, 197 4 and 1977 

-- .Total ____ --- Total Total 
Total Total Total Total Chlor- Hazardous Total Total Heavy Chlorinoted 
Dry Wet Heavy Metals inated Organics Constituents Dry Wet Metals Organics 

(x 10-6) 
~abCll!lil 
x----1\i.u; k a 
IX 1\r i ~'!OH.:l 
\fi---1\il·.~\Jl~iUS 
IX Ci.ll11'ornla 
VIII Color<.1do 
I ConnccL1CUt . . . . . . • . . . 
If!. f>c ""arc 
yy--Flor J.< a 
IV Gcorq1n 

X Ho·.'lal.1 
X Idaho 
v I lUlOlS 

V Induma 
'Jfrlo,.a 
VII Y..it.nsas 
IV Kentucky 
VI LouJ.sJ.ana 

~!aJ.ne 

III 1-larv and 
I MassacKusetts 2 19 0.01 2.6 0.01 7 400 74 000 39 0 0091 
v--Michl<Jan 
v N.lnnc!iota 
IV Nl.SS1SSiP' 1 

VII H1ssour1 
VIII Hontana 
VII t~cbraska 

IX Nevada 
I New l!ar.mshlro 
11 New ,Jersey 
VI Now IIOJUCO 

II New York 
IV North Caro J.na 
VIII North lin 'ota 
v Ohio 
III O.<lahoma 
X 0::-oqon • • • • . . • . . 
III Pennsy van1a . . . . . . . . . 
I 1\hocle Island . . . • . • • • • 
~south caro lllil . . • . • . • • . 
VIII South PaJ.:ota 
IV Tcnne,see 
VI Texas 14 0 005 0.005 5.600 56.000 '29 0. 1379 
~III Uta 
I Vermont 
III VJ.rq1n1a 
5( Naslunqton 
Ill 1qest VJ.r J.nla 
v WJ.sconsln 
Ifill Nvom1ng 
TO'l'AL 6 64 0.03 7.7 0.03 25 000 255 000 134 0.0329 

Reqion I 3 27 0.016 3.8 0.016 10 700 107 000 56 0.014 
II 
III, IV and 2 23 0.009 2.6 0.009 X I 9,200 8~000 49 0.0117 
v 
VI 1 14 0.005 1.3 0.00 5 6<..0 56 000 29 0.0072 
VII 
Vlli 
I:< -·-· 

*Production dolo withheld because of its proprietol'y nature; thus waste quantities are nat providl'd, 

'Retained sludge is sa slowly generaled by a~ral<'d uiolagicnl treatm<>nt of textile ... astewaters that, in many cases, there is no need 
for disposal. Sludge is allowud to accumulate over a period of years and is starl'd in the treatment pond. 

2 Wosted sludge Is excess sludge generated in textile mill wastewater treatment syster.u which ntust be removed and di>pQsed of oo a 
regular L<><is, 
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Table 3-4. Category A -Quantities of Potentially Hazardous Wastewater Treatrrent 
Sludges from Wool Scouring <?perations,** 1983 (KKG/YR) 

Total Potentially Total 
Hazardous Waste Total Total Chlor- Hazardous 

Dr3 Wet Heavy 0~etals inated 03ganics Const :~'!J)nh {x 10) lx wj Jx 10 (x 10-J) lKJ 
IV Alabama 
X Alaska 
IX Arizonn 
VI Arkansas 
IX Cal1torn1a 
VIII Colorado 
I Connect1cut * * * * * III l>clawnre 
IV Flon.da 
IV Gcorg1n 
IX llawa11 
X Idaho 
v Ill1no1s 
v Ind1ana 
VII Iowa 
VII Kansas 
IV Kentucky 
!:_I LOU1S1ana 
I Maine 
III 11aryland 
I Massachusetts 4.2 16.8 0.022 5.3 _0.022 v Michigan 
v 111nncsota 
IV Miss1ss.i.J2E_1 
VII l-hssour1 
VIII Hontana 
VII Nebraska 
IX Nevada 
I Ne"' Har.tpsh1re 
II Ne\~ ,Jersey 
VI New MCX1CO 
II New York 
IV North Carol1na 
VIII North Dakota 
v Ohio I 
VI Oklahoma _l 
X Oregon J * * * * * 
III Pennsvlvan1a I * * * • * 'I Rhode Island * * * * * 
IV South Carol1na * * * * * 
VIII South Dakota " 
IV 'l'ennessee 
VI 'l'exas 3.1 \2.4 J).Q)7 4_0 ...0...017 VIII Utah 
I Vermont 
III V1rg1n1a * * * * * X Nash1ngton 
III Nest Virg1n1a i 
v W1scon::an 
VIII Wyom1ng J 

TOTAL .14.3 _5L2_ JL.QZ6.2_ 18.3. _[_ .0.071>? 

R~ion I 6 24 Jl.0.32 _2_,J_ ' _M32 
II 
III, IV and 5.2 20.8 0.0272 . 6.6 0.0272 X 
v 
VI 3.1 12.4 0.017 _A,O 0..&17 
VII ' 
VIII 
IX . 

*Reduction data withheld because of its proprietary nature; thus waste quantities are not provided. 
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100% wool cloth output* 
100% synthetic cloth output* 

wool blend cloth output* 
nud:>er of errployees 
productioo equipnent age 
plant age 

Range 

0-50% 
0-35% 
35-95% 
160-1700 
1-40 years 
20-134 years 

* Figures are percentages of total cloth output 

Average 

26% 
10% 
64% 
610 
33 years 
64 years 

Plants normally Operate 2 to 3 shifts per day, 5 to 6 days per week, 50 weeks 
per year. 

3 ~ 4. 2 ~ 1 Process · oesc:ripti.oo 

A mass-balanced flew diagram of the typical wool fabric dyeing 
and finishing process is shown in Figure 3-2. '!he individual operations 
are addressed belcw. 

Cal:bonizin~. Not all woolen fabrics are carlxmized. Of the seven 
plants VlS1.ted, aU.y t:s-10. caxbonized fabric. In this operation, 
pure wool fabric is usually treated with sulfuric acid and heat to 
eliminate arrt vegetable matter and :inpuri ties left in the fabric. 
'!he char fran the inpurities ·can then be dusted fran the fabric 
when it is dry. 

FUl~ Wx>len fabrics are subjected to heat, mechanical action, 
ari1 cals which etch the surface of the woolen fibers in an 
aqueous bath, causing the cloth to mat and shrink and thus becane 
denser. Worsteds usually do not require this process step because 
they are made of longer fibers which are nore tightly woven than 
the softer, less dimensialal.ly stable woolen fabrics. 

soour. In order to prepare the fabric for ·dyeing, it is scoured to 
rencve excess chemicals, processing oils, and sizing. 

Bleach and rinse. ~en white cloth is desired or light pastel shades 
are to be ayed, the cloth may be bleached and then rinsed to rerrove 
excess bleaching chemicals. 

~· Cloth may be beam dyed or piece dyed. Slightly IrOre dye - an 
estimated 3 per cent of the weight of the cloth as opposed to the 
usual 2 per cent- may be used in dyeing due to the generally 
darker shades and deeper dyeing of woolens and worsteds. If the 
cloth was \tJOVeil fran pre-dyed yarn, or if the cloth was bleached 
and is to remain \\bite, this operation would be bypassed. 
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FABRIC 
1,046 

Figure 3-2. CATEGORY B ·TYPICAL WOOL OR WOOL BLEND FABRIC DYEING AND 
FINISHING PROCESS 

CARBONIZE 
AND DRY 

LW LW LW 

DYE CONTAINERS 1.3 
DYE (50% DYESTUFF) 30 CHEMICAL CONTAINERS 1.6 

LW 

POTENTIAL~ Y 
HAZARDOUS 
CONSTITUENTS: 
RESIDUAL 
DYESTUFF· 
0.0065 

POTENTIALLY 
HAZARDOUS 

CONSTITUENTS: 
RESIDUAL 

CHEMICALS -0.018 

FINISHED 
WOOL OR 
WOOL BLEND 
FABRIC 
1,000 

WASTES KEY: 

\] 
0 

LW 

- PROCESS WASTE TO LAND 

- WATER POLLUTION 
ABATEMENT WASTE TO 
LAND 

- POTENTIALLY HAZARDOUS 
WASTE STREAM TO LAND 

- SEE TABLE 3.0 FOR SPECIFIC 
METALS 

LIQUID WASTE 

LW 

RETAINED SLUDGE• 
SEE NOTE 

LIQUID 
EFFLUENT 

NOTE: AN AVERAGE OF 1.6 KG (DRY), 20,000 KG (WET) 
SLUDGE IS RETAINED CONTAINING 34x1o-3KG 
TOTAL HEAVY METALS,** 108x10-9 KG TOTAL 
CHLORINATED ORGANICS AND 0.08 KG DYESTUFF 
(NOT INCLUDED IN MASS BALANCE). 



Sp;cial finish. In this operation, chemical finishes such as anti
so~ls, anti-statics, water-repellents or rrothproofs nay be applied. 
CUrrently, very little rrothproofing is done. (~ gover:rurent 
contracts require rrothproofing, but rrothproofing in this industry 
is an nnccmron occurrence) . 

Mechanical finish. Decatizing (treating wit.~ hot water or steam), 
napping or brushing, shearing and pressing are canron rrechanical 
finishing operations perfonred on the fabric to rerrove wrinkles, 
inprove the hand of the cloth, or alter its surface characteristics. 
'!he cloth may pass through any one or usually several of these 
operations. 

3.4.2.2 Waste Stream Description * 

'!his category 1 s typical plant land-destined waste streams are: 

Waste 

flock 
seams 
dye containers 
chemical containers 
fabric 
flock 
fiber 

wasted sludge 
retained sludge* 

Source 
Quantity (kg of waste/ 
kkg of product) 

cru:bonizing and drying 
scouring 
dyeing 
dyeing-,. special finishing 
special finishing 
rrechanical finishing 
wastewater pretreatment 

screening 
wastewater treatment 
wastewater treatment 

16 
0.7 
1.3 
1.6 
1.3 
17 
25 (dry) 
100 (wet) 
none 
1.6 kg (dry) 
20,000 kg (wet) 

* '!he retained sludge quantity is an accumulation over the life of 
the pond. 

3.4.2.2.1 Potentially Hazardous or Non-Hazardous Constituents 

'!he flock, searrs, fabric, and fiber wastes identified in 
Figure 3-2 are considered non-hazardous. The dye and chemical container 
waste strearrs are considered potentially hazardous because they contain 
hazardous residuals such as dyestuff and zinc carp::>nnds. '!he potentially 
hazardous portions of the dye container and chemical container waste strearrs 
are 0.0065 kg/kkg of product and 0.018 kg/kkg of product, respectively. 
SluCI.g:s retainecl. in tJ;e ~stewater treatmmt system (typically, no sludges 
are disposed of by this ~ndustry catego:ry) contain potentially hazardous 
heavy netals and dyestuff. 

3.4.2.2.2 Sampling Results 

· Table 3-5 lists the results of analyses perfomed on canposite 
sludge sanples taken weekly over a period of four weeks at one plant. In 
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every instance where drinking water lirni ts have been set, :rretals concen
trations exceed these limits. Solids content of this sludge was the lew
est of all categories of the industry. Total heavy :rretals concentration 
(20, 900 rrg/kg of dry sludge) in this catego.ry' s sludge was the highest of 
all categories, with iron and manganese together accounting for just 
slightly rrore than 90 per cent by weight of the total heavy :rretals content, 
while chromi urn accounted for less than 2 per cent of the total heavy 
:rretals content. This is due, in part, to this category's continuing 
effort to reduce usage of chrare dyes, (and hence chromium in plant effluent) 
which were once important in wool fabric dyeing. Total chlorinated organics 
analysis was not performed on the solid phase of the sludge in this category. 
There was not enough solids content in the sanples to analyze. Detailed 
sampling results appear in Appendix C. 

An average of 1.6 kg (dry) or 20,000 kg (wet) of sludge is re
tained in the typical direct discharge plant's wastewater treat::IMnt system, 
containing 34 x 10- 3 kg of total heavy Iretals, 1. 8 x 10- 7 kg of total 
chlorinated organics, and 0. 08 kg of dyestuff. The arrounts of chlorinated 
organics found in the liquid phase of the sludge is belCM the drinking 
water standard of 0. 7 ppm. 

3.4.2.3 Waste Quantities for 1974, 1977 and 1983 

Table 3-6 identifies total wastes for this category in 1974, 
1977 and 1983. Total waste generation shc:Ms no change of status in 1977 
and 1983 because production is considered stabilized at the current level 
for these years. 

Table 3-7 lists dye and chemical container and potentially 
hazardous container residuals wastes for 1974, 1977 and 1983. These wastes 
also shCM no change because of stabilized future production. 

Sludge quantities and its potentially hazardous constituents 
amounts appear in Tables 3-8, 3-9 and 3-10 for 1974, 1977 and 1983, 
respectively. Because there is little or no change anticipated in textile 
wastewater treatment in 1977, it was considered valid to relate sludge 
quantities to production for that year. Hc:Mever, it is anticipated that 
1983 regulations will bring about a change in :rrethods of treatment. The 
best estimate of the effects of 1983 legislation was found in the report 
prepared for the National Commission on Water Quality entitled "Textile 
Industry Technology and Costs of Wastewater Control" (10) . The figures for 
sludge generation in 1983 were based on the projected figures frcm this 
report. It was not possible to differentiate the annunts of retained and 
disposed of sludge for 1983 so the estimated values for this year reflect 
the total amount. 

3.4.3 Category C- Greige Goods 

The estimate has been reported (8) that 80 per cent of the 600 
to 700 greige woven goods mills are located in Alabana, Georgia, North 
carolina, South carolina, and Virginia. 'Ihe five greige mills visited 
were located in Alabama, Georgia, North carolina, and South Carolina. 
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Parameter 

Arsenic 
Barium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Zinc 

Total Heavy M~f·als 

Aluminum · 
Magnesium 
Potassium 
Sodium 
Strontium 

Total Chlorinated 
Orsanics 

Suspended Sol ids (%) 
Total Solids (0/.J) 

Table 3-5 

Category B -Wool Fabric 
Dyeing & Finishing 

Sludge Analyses 
(mg/kg of dry sludge) 

Drinking Water 
Limit* (ppm) 

0.05 
1.0 
0.01 
0.05 
** 
1.0 
0.3 
0.05 
0.05 
0.002 
** 
** 
5.0 

** 
60.0 
** 
** 
** 

0.7 

** 
** 

(1) Average of 4 measurements from one plant 

Average 

<17(2) 
<170 
<17 
267 
<67 
117 
1100 
<170 
8,000 
<1.7 
<333 
<33 
1,130 

11,423 

11,500 
12,000 
14,000 
137,000 
170 

0.11 

0.008 
0.06 

(1) 

{2) Less than values were considered to be at the maximum in computing the totals 
* U.S. Pub I ic Health Service. Drinking Water Standards. 1962 
"'* No drinking water standards have been set for these metals 
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Table 3- 6. Category B- Estimated Ouontitles of Total Wastes 
from Wool Fabric Dyeing and Finishing Operations 
(KKG/(R) 

1974 1977 1983 
Drv Wet Drv Wet Dry Wet 

IV Alabama 
X Alaska 
IX Arizona 
VI Arkansas 
IX Cal1forn1a 189 416 189 417 459 1 489 
VIII Colorado 
I ConnectJ.cut 692 1 56<Y 692 1 512 1 672 5 452 
III Delaware 
IV Flor.1da 
IV Gcorg1a 880 1,975 880 1 977 2 080 6 740 
IX Ha\o1a1.1 
X Idaho 
v Illinois 
v Ind1ana 
VII Im·la 189 416 leW 41/ 4;,)1 1,489 
VII Kansas 
IV Kentucky 
YI LOUJ.SJ.ana 
I Ma.1ne 1.572 3 535 1 572 3.539 3.872 12.672 
III t-!arv lana 
I Massachusetts 2 727 6 137 2 727 6 147 6 727 22,027 
v l'lichigan 315 7os 315 709 77S 2.5i'i y f.1.1nnesota 1R9 416 189 417 459 .1 489-
IV MJ.SSJ.SSJ.DPl 
VII 111SSOUrJ. 
VIII l·lontana 
VII 1-:ebraska 
IX Nevada 
I New Hamosh.1re 1 007 2,287 1 007 2,289 2 407 7 847 
II New Jersey 7.887 4 163 7 887 4,168 4 587 14,887 
VI Nm-1 ~lexica 
II New York 1 781 3 952. 1 781 3 956 4 281 13 881 
IV Horth Carol.1na 1 572 3,535 L572 3 539 3872 12 672 
VIII North Da!:ota 
v Ohio 189 416 189 417 459 1,489 
VI Oklahoma 

·x Ore con 692 1 560 692 1 562 1 672 5 452 
III Pennsylvan.1a 1 7R1 -~_9S? L781 :1.9S6 4.?81 13.RR1 
I Rhode Island 1 607 2.287 1 607 2,289 2 407 7 847 
IV South Car-ol.1na 692 l560 692 1 562 962 2 612 
VIII South Dakota 
IV 'l'ennessee 189 416 189 417 459 1 489 
VI Te~:as 503 1 143 503 1 144 1 223 4 003 
VIII Utah 189 416 189 417 459 1 489 
I Vermont 315 708 315 709 775 2 535 
III vircinJ.a 503 1 143 503 1,144 1 223 4 003 
X l•lashJ.ngton 189 416 189 417 459 1 489 
III \~est Vircan1a 
v N.1scons.1n 189 416 189 417 459 . r;;m<~ 
VIII l~vonang 
TOTAL 19.438 43.533 19 438 43 588 46 488 150,958 --

Re9:ion I 7.320 16 514 7 320 16 535 17 860 58,380 
II 3 668 8 115 3,668 8 124 8 868 2B;m 
III ??84 5.095 2 284 5 100 5 504 17 884 
lV 3.333 7 486 3 333 7 495 7 373 23 513 
v 882 1 956 882 1,960 2,152 7,002 
VI '\0~ 1.143 "iO~ l.l.U . 1.223 4,063 
VII 189 416 189 417 459 1,489 
VIII -l89 416 189 417 459 1 489 
IX 189 416 189 417 459 1 489 
X 881 1 976 881 1.979 2 131 6 94T 
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Table 3-7. · Category 8- Quantities of Potentially Hazardous Dye and Chemical Container Wastes from Wool Fabric Dyeing 
and Finishing Operations, 1974, 1977, and 1983 (KKG/'i'R.) Dry Weight* 

Hazardous Hazardous 
Residual Chemical Residual Total Potentially Total Hazardous 

~----.~~~-------rD~'Y~Ee_C~on~ta~i~ne~r--r-~D~Jy~E~~t~u~ff~--~~C~o~n~ta~i~ne~r----,_~C~h~e~m~i~ca~l~s•4r_oHn~·~·~~,~~Wa~s<~~te,_ruwn,,n~<<tu::~t.''"~'----1 
IV ~~3~·10~~~----~----------~r-------------t------------t---------~-------------t--~---------t 
X Ala~'~·~:~a~------~----------~------------t------------t--·--------+--------------~-----------; 
IX Arizr~~.a~------~----------t-----·-------t------------;-----------r------------~-------------1 
VI ArY.~n~~·':'~~~·~----~--~r-----+---.,~r----4----~~----;----n~.--r-----0~~,---~----~~~---1 
·~aJrf10r~n~l~a----·+---~J~;,,~Y----~---~o .• o~~o ____ -+----~4 .• 8~----+---~0=•·~05~4~~--~B~.7~7~4-----4----~o~.~07'·4~---; 
VIII Colo;::"do 
I connc"c;tlcul 14 0.072 18 0.020 J:l.092 0.092 

Yfi Dclai·:<t r;:('------+----------.J-----------~------------+--------t------------ir------------t 
Yv---1~orr--~u~a------+---.o------t--~~n.----+--~v.------r---~~--+-----"'~-----r----n-~----; 
IV cco~~a'-------4----"""8 ______ +---"o·z091 22. 0.25_ 40.341 0.341 
IX Hawa11 l------------+--------·----+---------4--------------4-------------1 
x Idal~v~·~~-----+·-----------t------------i------------t----------t-------------~------------1 
V llTi no~l;!s ______ .f-----------+--------.,.---t--·---------t---------t--------------t--------------1 
~nd-rzna .-r.~----4---~~~----1 ~~-~~~--'~~~;::.~c!!,:.:~~:;.:::.~~:-a~s~~':':':'::.':~J=._-_:::"~·· 9:...__·-=.':~~':':-=.:-;u...,.,.,=.:u"'zu;-._-_-_-::_-tf::_-_-~"14',.:{"B_-_-::_-_--1+f--:-_-.:__·'7oo~....,·~0~5'74~-::~I-I--_-::_-_.::.8·::..''.:..· t'. 4.:._ __ ---!l---u;:.;··:.:.:...utr4.;.__-t 

w-){entu0:Y- __ 
vr-·r,oiU:i~ana --
y----M~Inc~r-----l--~3~2-----t--~0~16~----t---~4~0 _____ 1_~n~·-4~l'~~-4----~7~2~.6~1----~---0~.~61~---; 
lii HnrYT"<'l~ 
I Mn:::;c;achu:::;et.!-5 57 0,2Y 70 0,7::':9-:---f---1:-::12;:::8:_::•••0 ~B--t---7"U::7.::ti--"i 
v Hlc:i>ic:::t},:..l __ -l---6~.5~------t---'*O.Q.~.~2--4---8¥-::-------l--___QLQ9.0._+--~1.4'*-::~I.??'-----4----:0~.J'til2"fr-2----1 
V !ll.n!'L'SO\:a 3,9 0,020 4 8 0.054 8,774 0,074 

IV M~~P~'1~--i~---------t---------t--~--------+---------t------------~l----------~ 
VII M1S~3~o~u~r~1~----+------------r-----------;~-·--------r--------i--------------t------------i 
vfff11clntana~----4------------r-----------+------------+---------~-----------4------------; 
VII Ncb~'~s~i·~.a~----+----------~------------t------------t---------r-------------4------------_, 
IX Nev~!~-~,--~~--,.~------t---~~-----i--~~-----;----,_~---+----~~r-----tr----n~.,.----i 
I Net·.' E~~.psh1re L 0.10 :.!6 -+--..:0::.,.~29!,-__ .J-__ __:4,::...:.1.Sf;:,..---+----·~ U •• S/:::-------1 
!!.._,_;~_c:::;;cv 39 0.20 48 0.54 87.74 0.74 
VI NC\v ll!r:>x.~.~CD:::._._-j----,,-------t--;;~;-----+---.~-----l-~~;;---r----;;;--;-;;------t-------n7n----"i 
II Ne ... ~ 'lor i< _ 36 0.18 45 +---:<o....,..5o_-t----:B>::-:1!:".6':9B'----;----;o~.'f6Bf-_--l 
IVllq£_t~Cc£l:>::Oll_na ~ 0. II. .40 n .d.o; 72.61 0.61 
vi11:1/c>rch c~.~ko~t~a~~--~~------1--~~~----~-~~------~~~~--+----~~----+----~~r---~ 
V OlllD 3.Y 0.020 4,8 0.054 8.774 0.074 
VI qfraF:0::1a 
X ~~~~~---4--~14:~------t---:U~,,7o7~1:l~---t---~1~8=------+-·--70~.2~0~~~-~3~2~.2~7=-2---4----~·~2~72~--_, fii Pcn:1SV~;_l:.:,<l:;.!'l:.::l;.:;il:-+---~36-------t--Q.I8 45 0.50 81.68 0.68 
I Rhode ...:t s land 21 O~ •. i;;:1 O;-;,-----r----:2~6-------1---~0.2:!:--9--+----· ~4':-7 .~39~----+-----'0=-'.~39=-=----1 
IV south Cnrollna 14 0.072 18 --r-__Q.2Q:..__-li----~32J.L .. 27'..__:2_4 ____ ~<J.L,'''-----; 
VIII south Dakota 
~Tcnn"' s ~ec 3~· 0.020 .8 I-.. -:J1:-"':6 •• co?',! ~;.::4--t-__ __,So.;·<-;77,.::47---+---~0.707::.:4:----l 
~ Texas 10 0.052 13 u·. ,_.._ 23.192_ 0 19? 
VYYr-uE~~ ~-~ ~~~-----r--~·~a-----+--~o~ .. ~s:~4~r---~a~·~77~4~---+----*o~.o~74~--~ 
I vcri,;cnt 6.5 Q..Q.~;---;----'~--·--t--.M2"-0~I----!:CI4""6~22~---II----0~12~'2,___-I 
lll ~~!_l1i1----- 10 0.052 13 0.14 23.192 0.192 x- lla.sh.u~<>ton 3.9 0.0?0 __A.g_ R _____ r--...~n ... ~n~;.AL--•----8g. .. .JJ..;774~---+---..Il...! 0 .. 0~7'•4L----j 
II I \·lost Vi rq~l-.:.:11.=1;il:-+---.s-~------;r--,\7\'0""---+ -~......-;;;----+---.,.-;;c::'7--;----n-:;;.::;-r-----+----n-""'"':----l 
V \1l £:C01\-;JTI1 J,9 0.020 4,8 _____ +-_-...::0'-"0,.)5"'•4'---1-·---...::8:.:;,7'-'7_,4 __ _, ____ _::.0•:;::0~74::,_ __ --l 
vYD:W~fi)~g~----t 
TO'l'AL _ -----:398.2 _-::;2.00..,_,05"------t----=4'-<'9~6.4."'----t--..uoo 5 .:.fl"-""2---t---9~0:WI-"' 9:.!.7.s...7 --t----.!..7...,.3!!...77!..-._-j 

R tion_I 151.5 0.754 _ 188 1,93 342.184 2.684 

---}ii --·- - It g~~2 ~~- a:gt---;---~1g""~~.~~~2::----I----,\6,J!!~~~,.2----l 
---•I•v _ ____.!:.'.!!.... u~ 64.1:1 o.9'54 15J.YYt 1.297 
:_ "v'r ---· --J-g•2 o 092 .22 4 -~R._t---4::-:0:-".9:-:4"=4 __ +-__ ........_o.,.34:::!:4:!-.._-4 

__ Q..Q.52 _u_ _____ .!l..l4~-t---~'~1197"'".'----l--*"o .. ~ 19?_---=1 
--vir . _3.2. ___ .•. -0.020. -~·---t--?nMn~"''1-'A-t---~8~.~77;:J4:___-+----*0.~0~74~--~ 

v:fi'I 3.9 ·-r----!?&~.Q "1.8 ..Q.0, _ _,_55-4--t----;8;.".7~~7;:;4---+-~o~.o:::7:;.4----l 
---""'l""X:-.- 19 --r--,v.020 1-· 4,8 _ 0,054 8.774 0.074 
----vx- }.!_·"~ _ t>:Mr-- .._.::]1;8 -oif.~2?;'Fij~-+---'4!-':1~o746;---+--_;o~.¥4-'!34o6'-----l 
-----~~------~-~~-----

• DryWeight .. wet Weight 
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Tobie 3- 8. Category 8 -Quantities of Potentially Hazardous Wastewater Treatment Sludges from 
·Wool Fabric Dyeing and Finishing Operations, 1974 ('(KG) 

iv Alabawa 

RETAINED SLUDGES* 
(NO WASTED SLUDGES) 

Total l'ot. Haz. as e Total 1ora1 l...nlor-
Total Dry Total Wet Heavy Metals inoted Organics 
(x 10-3 ) ' (x J0-6) (x 10- 1 1) 

Dyestuff 
(x J(J3) 

Total Hazardous 
Canst ituents 

(x 10~ 

X /\laf;ka 
ix~rTz~o~r~la~------t---------;---------+---------~-----------t-----------;-------------

vr hr ka-r1:.; u•~~;...----lf-- ;;--;-;:;--f-~.-----j>--,..,-------t----z:·-z-----+----;:...-n;~--+-----,..,.-----'---1 
ix CalitornJa 0.60 7.6 ______ ~--1~2~-----r--~6~·9-----+---~0·~~~----~----~4~2 ______ ~ Vffl'Coio-n.<'lo __ _ 
r connectTcut·:-. -~--=2,...2=--·+--.;2:oa-----lr-476;:-----t--~2"4;r--_-:_-=.t.-:.-=.-:.-=."1.o~.:~-:_-:_-:_f~::::~1"""s~6~::::~..J 
III DcLawar~-------t---------;----------t--------~r-----------r-----------+-----------~ 
IV r'lo:c i.aa --;;n---+--:n:,...-----r-;:o-------r-----or,--:---·-t----..,-,'T'---+----..,.,.._----1 IV GeorqTa';;.._----t-- 2.8 35 59 -~ _(.)_. 14 199 
l~x---J~Ia~w7.a~l~J~. ~------r-~·~_,~~~---t-~~----r--~~---1---~~~---r---~~---~ 

X Iduho 
V Illl.nOlS 

7.6 12 6A O.JJ 42 

-
63 100 55 ~ _J!IU 

J10 ltll Y/ u~ OLU 
13 21 11 0.05 71 
.6 l2 6.6 0.03 -..!2 

V Oh1o 0.60 7.6 42 Vf---Oklaho;:·a f--loWlll..-f--''-r-!1:__--t---'=------lr---~=------]t----=-.:.=:__ __ +--___;:!£... __ -J 

x- Or~go!~ JLl_---+-~2~8 ______ t-T);~----t---~r---·--1---~~~~--~---~~~~5~6--~ III l'<'nn'lv.,V<\r,J.a 5.6 -- 71 S>'U 
i:--R-h'O'dc Isl<~nd .l..2- _40. ..227 
w-southC".iroTl"nar-2.2 ·-t-.2~e------1t-'~-----r---';";;----t-----7nT---r--,#:)o~----J 
VI"ff Soliti1f5:.1 i:ota 

IV Tennessee 0.60 7.6~---lr~~------t---~~----t---~~~~---r----~~~~---~ 
VI Texas _L.6 _20_---4--':~--- 114 
VTIT"'lit.a~ o qo f6 41 
l Vcrm:::."'n''"'t------1---'""-JQ.._ 13 71 
III Virciii-i'Ia' 1.6 --i--:.!2:'.'!-0----~~-------·+----+.~----+-- 114 
x---'W'ii'Zllii1'1ton 0.60 J.6 4 YiTI-lCSE····vl roTnlr:a,-,f--'""'-"---+_._......._ ___ -+ !1. 
v \-Tlllc,,:isf),=-==-+--~n6"o.--t--,7--:6 42 VtTiw"VoiilliiC;---'----+---~==· ----- -~~-.. ~--r-=--=----t--=-..:c=----t---=-:..==--+--..u. __ -J 
~·oTAr. -'----·+·---,6'"'1-.·a~_-:_-_~_:~7..:..79~~--=-a'--:_-:_-_+t----:-,_;:,;-;_-:_-_-_-_--l+t--~--~- 4 347 

J<egion I 23.4 --~--- e--181 257 1.J;;7--·-j!----i:!h_5,6;::.5.:..1_--J 
__ __,II II 6.___ L47 230----f---·.J.2a__ _____ ,O..~c5a":_--t----1B'H;l:y.O __ _J 
___ I 1 r --Z.J..... 21 ..J.4.L 6lL. _Q_,_:l_Q_ ~--w--------::..J0.{?0-=::m..L_ 217 _u_6.6 ·=~--R....a_ •-----:-74""'\Z.--~ 

v ~-a 3s...lL_ __ _ 57 30 _fL_ r----o. H. -- 197 
-----;V . .1_;7;.--·--- 1_6_ ____ 2Q____ 34 In ~oa__--J----,1~1':--4---1 
- VII 0.9Q. __ .J., _ _6__ 12 . 6.6 0.03 ----r----r.;;.: 42-'-------1 
----~1-II _____ I-.Q_..Pg.._ .:Z.A _____ _ 1_2 ______ r-_£.~----~----;;o~~03;;-;;--_,_ __ -;4:2:-----1 
---- x g1o-- -:Z.L __ I--g_. iLJJ___ o

0 
... ·W-----r--....;;:4~2 ,_,..._....j 

- . - 35 .• ..6 ..:l.C_ ,, ___ _,_ __ ..._30.._. .... 6 __ __,'----JLU.' l.:~.--"-·t---1u:9.2.8 __ -l 

*Retained sludge is so slowly generated by aerated biological treatment of textile wastewaters that, 
In many cases, there is no need for disposal. Sllldge is allowed to accumulate over a period of 
years and is stored in the treatment pond. Wasted sludge is excess sludge generated in textile mi,ll 
waste~ter treatment syslems which must be removed ond disposed of on a regular basis. 
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Table 3-9. Category B -Quantities of Potentially Hazardous Wastewater Treatment Sludge$ 
from Wool Fabric Dveina and Finishina Ooerations, 1977 (KKG) 

-·~~~~~~~~~------------------------------~ 

Total Pot. Hoz. Waste 

Total Dry Total Wet t., 1 cr3)· 

RETAINED SLUDGES* 
INO WASTEJ"l ~I . mr.F~\ 

Total Total Chlor-
Heavy Metals inated Organics 

(x w-6) (x Jo-1 1) 

Total Hazardous 
Cons I ituents 

(x 10-6) 

rv Al~~~~;)x~~m:~a _______ 1---·-----~~---------+-----·------~-------------+----------~------------, 
-x--Xiasl~.~il::--·------1-------+-----ll--------+----------+---------;----------- -
~iTwna vr---Ark3ns~'-s----~-------~--------~---------+----------~-------~~-----------; 
ix caf.flc)in~a 0.6~---~~8~·~1-------J.·-21~3 _____ ~ __ -L7~.0~---~--~o~.~ro~--t-----4~3------1 
vJ1:r-cOioi:r,~,c:~o~~--~~~----+~=-----4-~------~--~~-----+----~~-+----TL<,-----1 l-----Corin&:t1Ctlt ? .~ 30 .49 ?<; 0 1? 169 
III llcla11are ~-·roFiaa;_ _____ +--------~-------4---------·~----------+---------+-----------~ 
·_IV ___ Gc~~~~~a ______ 4-~~~~L~·-+-3~7-----+-~6>2L-____ -+---~~~------~--~o.~'~--+-----~21u2~----1 
IX llm~a-:.l·::.,l·-------f--------~------+---------+----------+--------~~----------; -x --fiinfio 
v----xrr3~~s=------·~-------4---------~---------4-----------4----------+-----------""1 
V Imllana 
ffi IOV/3 o.64'~rns-. .----r~,~~-·-----4--~7-.~o----~--~.~ro~--4----~4~3-----1 
vn Knn:Ja s 
IV Rent\~\c~;k~~;Y~----+-------~~-------+---------4----------~~--------~-------------1 
~~~~~~1_____ --~~·---1-~~----+-~~-----+--~~----+-~~~~r---~~------; I Ma~nn U 67 110 58 0.26 -370 
III Mar~l~!~,d~~~4---~~--~~----~-~~----~--~ ~----~--~~~-+----~~----_, I Massachu3ctts 9:3 120 190 100 0 47 660 
v Micfilqan 1 14. ,., 1? n n~ 72 

VII M~ssourl 
VIII Hontana 
~~5K~n----~r--------+---------+---------~-----------+----------+-------------~ 
zx-Nevilda 
y----N~ffa~m~n~~~h1~l.=r.~c-r--~l-.4.---~4~2·----~~/'l------~--~~~-----+--~-~~.~.1~7--~--~2"4.~11----~ 
I I N~11 ,Jcr s ey';--t---'"u·.!:t... d __ -j-18;u1.__ ___ +-~130~.......:. ____ +--__ t.JL70 ___ -l~--.l.W 0 .. 3~2-+-____ 4:t:I5.L!ICO!....-----I 
VI New I·i'CXTCo 
-;,II;--:-:N,:::.ew~~C..::· o~r-2' k·=,.,..,:-:-+--_,5"' ··.L-9_1-L'7L.._ 120 66 0 30 4 20 IV North Carol~na ·~ ~· 1.1 +-:....l.l~l~n----4---li.,!.2..R---4-----n..\!..l;?~i.--+-----13~i7~0-----1 
Vffi North Da~o~t~.a~f---~L---j~~-----4-· 
v--o~ n A.d. _8".1 13 .b 0:0.1 43 
VI Okl,.<"lhoma 
X Or~?~n~~~-;---"~~~~-·---+~~~0---~~4~9~------~--~?5 _____ +---~n~l~?--+-----~~~6~9~----~ 
III Penr:_:~vl\•a_n;.;~~aT-+---.;~-;Q~--~7iil'!5i----+-~12~0-----:I--...J6~>6?:-----+----l0~.,~3CO __ -I------4~:20¥f-----1 
I Hho<le Isl,.::a:.nr"cii';-;;-t----;3~.';;.4~--l~42~---~~~=------4--~3i7~------+----.!:i0"'-.4~7~~------:2~41 ___ -i 
IV south c .. ;.:ol ~na 2 -~- _30 .49 25 12 ·169 
v li r f,(,i:it]l['"";~fk;:::.:;;oj:t;£a~~.t:::::~~~::::;~~~;:::::t::.,:::::::j~:::~::::::j~::::~::::.:~:::::~~::::::i 
~(.iiiiCssc_c_ n A..! R .L_-L...13. 7 .n o (}:l- 43 
~l'Cx.t"i:-··~---1~-JW 1 7~ ... ~ ~...-..,..1-<2""1··1 , 36·-----+--~1~'9~----~--¥'.~oo¥---.,_--__:;1f-'1117-6-----; 
Vffflitan-- Q&A __ -Hsft-!-1 ---~l-;\l13;: ... -::::_-::_fl---::~"'7!:l~·~o!....---::::_~t::_-::~ot.'-¥ooJ~::--+~::::::.:~4;.xl3t::::_-_:_.-...l-l 
I veE'e\t. -H.' 14 ...,...._,2;.;2'-·c.....----t---+:<2----+---~0.:.:. ~5:---~----...; l'n-r"l.------1 J:n:--vJ.rql\ua 21 , 36 9 .os 116 
x lvaciiiinaton o .6§_ a .1 ·-+->;,;=--~----+----¥-7.~0---~--....:o~:~m---i-----...;.;..:43~-----l 

!rr--Ncs~~~~~n'~J.~a-r---~77--4-~.------+'~r------l~--~,---~~-~~--~-----nr----.-...l v lvl.!.l·.:::c:ro~ns~~::.!.n..:__ __ -t __ ....:o:!.!.~".t---re~.:...!.· '·----+' -~13 ___ +---~7.0~---!~--~ o.~oo~---1-----~43 ____ ---1 
VI I I tvvor.•u:.:...:.:n, ... q ____ -4----
TO'TAL""- 6s_.~:i£;;-"_-t[.....a""M:~3o".-o8---t-i-;1;;;35r-1'1..---+-.... 7,·1r.:a.----+--.... J ........ 2,_6--+----.4.....,..,..,6·1.--J---I 

I 

Region I ~4~·~8--+~3~15~---~~~5~13~---~~26~9~---+·-~1.~2;4 __ 4---~1*-7~53~~ 
-- II ...ll...J 156 i ~Q.---+·-....!;I~----f-..,.-.J:0!..:.6~2:_-4----~~~-----1 
__ --...;:1~...!.----- __:z...b...._ ....!iL__ __ .......;__ts~> "A~- +------~n-:1!.9-ii--4----!5~36 __ -1 
--~ry _____ -!L2!..- .=..!4t .. 1 · 234 .t3~3'!!.-_4_-4:o~.56~--1~--i7~9;.4 ------1 
_ v .... QL_ ~-~...Q...L __ .JJ..._. ____ -+--''"ir----t--no .. l'"4_-+--~2:::-ol'l,;.------t 
..----i~~h--·- { .. Z _____ f~---,-3_L_---+--:;l9.:....-____ t--.;0·:..;:08~-+---71~16:!...-_-l 
----- - .M ___:_!3:----+--~-7;-----·t---~~~~~--+---=4r;r....~----l 
---~~.£! _____ Q .. ~.Jl ... L __ Ha._ _ _z_ ___ ~_,.l!o,oo 43 
---·x_: ______ Q .. O...L- 83?81. I ~-La __ 3z_2 o.oo 43 
---··-·------Vlj_..-~. ;!!!; . ....L9....2._ ___ ., __ ~--·-'-___:0:!.!,:·.!.:ls!....·-'---~2ul~2---4 

• See Table 3·8 for definition of retained and wasted sludge. 
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Table 3-10. Category B- Quantities of Potentially Hazardous 
Wastewater Treatment Slodges From Wool Fabric 
Jyetng an 1n1s 109 perat1ons, D ' d F' 'h' 0 1983 (KKG) 

Total Potentia1Ty TotaT 
Hazardous Waste Total Total Chlor Hazardou$ 

Heavy Meta Is ina ted Organics Dyestuf f Constituents 
Dry Wet (x lo-6) 

IV Alabama 
X Alaska 
IX Arizona 
VI Arkansas 
IX Ca11torn1a 270 1 oso 'i :7 30 14 19.7 
VIII Colorado 
I Conncct~cut 980 3 420 20 100 4'1 .. OCT 
III Dela,.,are 
IV Florida 
IV Georg HI 1 .200 4 800 26 140 60 86 

. IX Hawa11 
X Idaho 
v Il11nois 
v Ind1ana 
VII I a.,., a 270 1 080 5 7 30 14 19.7 
VII Kansas 
IV Kentucky 
VI LOU1S1ana 
I Ma1ne 2 300 -9 ?00 47 250 120 167 
III Maryland 
I Nassachusetts . 4.000 ~~-nno 83 440 200 283 v N1chigan 41>0 I 840 9.R 'iO 23 32 8 v M1nnesota ?70 1 .ORO 5.7 30 14 19.7 
IV M1SSl.SS1DP1 

-~··· VII M1ssour1 -· VIII !-lantana 
VII Nebraska 
IX Nevada 
I Ne.,., llar.1nsh~re 1 400 5 600 30 160 70 100 
II New .Jersey 2.700 10 Afl() 1\7 300 140 197 
VI New Mexico 
II New York 2 500 10 000 -~- 280_ 120 173 IV North Carol1na ?.:!00 9 ?00 47 250 120 167 VIII North Da}~ota 
v Ohio 5:-7 ·-

270 1 080 30 14 19.7 
Y.I Oklahoma 
X Oregon 980 3 920 20 100 49 69 
III Pennsvlvan1a 2.500 10 000 '\:l 280 120 173 I Rhode Island 1 .400 5 600. -~-ri 11>0 70 100 
IV South Carol1na 270 1.080 5.7 30 14 19.7 VIII South Dakota 
IV •rennessee 270 1 080 5.7 30 14 19.7 
VI Texas ]')[J_ -,-AAn- 15 78 J6 51 
VIII Utah 270 1 nAn · 'i.7 30 14 19.7 I Vermont 460 I 840 9.R 50 23 32.8 lii V1rq1n1a 720 2 880 15 78 36 51 
X WashJ.naton 270 1 .OflO .'i 7 30 14 1<J.7 
III l~est V1rq1n1a 
v W1scons1n 270 1 080 " 7 30 14 19.7 VIII tvvomJ.nq 
TOTAL ?7.0.'i0 :1nsi ?no- 'iAk9 2986 1362 1928.9 

Reqion I 10_.540 42 160 219 8 1160 532 751.8 
II 5.200 20 800 110 580 260 370 III 3.??0 J 9 RAn AR 358 156 224 IV 4.040 16.160 R.d .d. 450 208 292.4 v 1.270 'i ORO 26 9 140 65 91 :-9" 
VI 720 ? RRO- )I; 7R 36 51 VII ?70 1 :oRO 'i.7 30 14 19.7 VIII ..27IJ 1~ofill _, .7 30 14 19.7 
IX 270 1 :oao 5.7 30 14 19.7 
X 1.250 5.000 ?'i 7 130 63 _88.7 

*It was not possible to di~ferentiate between the retained and wasted sludge for 1983, so the 
estimated values for this year reflect the total quantity. 
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Three of the plants' prcx:luction equii,XCent range are in the age range of 
5 to 20 years. One of the remaining two plants 1 equipment is older than 
20 years, the other 1 s is newer than 5 years. Operations at these plants 
nonnally run 3 shifts per day, 6 to 7 days per week, 50 to 52 weeks per 
year. 'IWo of the plants are older than 65 years, while the remaining 
three are six years old. 'Ihe number of errployees range fran 130 to 520, 
and average 300. Annual production ranges from 2, 700 to 49,000 rretric 
tons and excluding the largest plant, averages 4,400 rretric tons. 'Ihe 
plants either produce knitted greige goods (three plants) or woven greige 
goods (2 plants) • 

3.4.3.1 Process Description 

A nass balanced flCM diagram of the typical greige goods process 
is shown in Figure 3-3. 

Yarn preparation consists of several operations. The operations 
perfonred are dependent on the type of fiber being processed. 'Ihe follo.Ning 
generally sequential listing serves only to identify those operations 
ccmronly in use in yarn preparation, beginning with staple and ending with 
yarn ready for slashing or finishing prior to weaving or knitting: opening, 
picking, blending, carding, drawing, roving, spinning, quilling, beaming 
(warping) or winding. 'Ihe reader should refer to the glossary for an . 
explanation of these processes involved in yarn preparation if more informa
tion is desired. For the purposes of this report, it is sufficient to list 
these operations here as part of yarn preparation without detailed dis
cussion. Yarn destined for knitting operations is usually finished with a 
lubricant, comronly an oil or a wax emulsion. 'Ihread destined for sewing 
leaves the process after finishing. Warp yarns, destined for weaving, are 
slashed with canpounds such as ccu:boxyrcethyl cellulose (CMC), polyvinyl 
alcohol (PVA), or starch, among others, in order to withstand the abrasion 
of the shuttle as it passes over the warp yarns. (It is unnecessary to 
slash the filling yarn which is carried by the shuttle.) 

'!he slashed or finished yarns are either woven or knitted into 
greige goods, the input for Categories D and E - 'W::)ven Fabric and Knit 
Fabric Dyeing and Finishing, respectively. It should be noted that there 
are basically five different types of plants in which greige goods operations 
may occur, identifiable depending on where the operations stop. Plants may 
end processing after: (1) yarn preparation, (2) knitting, or (3) weaving. 
However, in larger "integrated" plants, greige goods production may occur 
in a sequence of operations beginning with yarn preparation and usually 
ending with either (4) dyeing and/or finishing the woven goods (Category 
D) or (5) dyeing and/or finishing the knit goods (Category E). Few 
integrated plants dye and finish equal arrounts of knit and woven greige 
goods. 
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<r 
w 
0 

STAPLE FOR 
WEAVING YARN 
1,049 

STAPLE FOR 
KNITTING 
YARN 1.090 

Figure 3-3. CATEGORY C- TYPICAL GREIGE GOODS PROCESS 

YARN 
PREPARATION 

SALEABLE 
FIBER+ 
YARN 

WASTE 58 

LUBRICANT 10 

WARP SIZING 72 

SLASH 

SALEABLE THREAD 
WASTE 10 

FINISH 

FILL YARN 

KNIT 1---1-. KNITTED GREIGE 
GOODS 1,000 

WEAVE t---------11~ WOVEN GREIGE 
GOODS 1,000 

SALEABLE 
THREAD+ 

CLOTH 
WASTE 10 

• LIQUID WASTE CONTAINS MOSTLY BOD. THERE ARE NO POTENTIALLY HAZARDOUS WASTES DESTINED FOR LAND 
DISPOSAL IN THrs CATEGORY. 



Waste 

3. 4. 3. 2 Waste Stream Descriptions 

'Ihis category's land-destined waste streams are: 

SOurce 
Quantity (kg of waste/ 
kkg of product) 

Fiber and yam yam preparation 
knitting 

32 
10 
11 

Fiber, yarn and cloth 
Fiber, yam and cloth weaving 

Much of the waste fibers and yarns in this category can be sold (for 
garnetting) or reprocessed within the yam preparation operation (especially 
in wool yarn manufacture) • 

3.4.3.2.1 Potentially Hazardous or Non-Hazardous Constituents 

No potentially hazardous wastes are destined for land disposal 
fran this category. All land-destined wastes are non-hazardous. 

3.4.3.2.2 8ampling Results 

Because there are no potentially hazardous wastes generated py 
this category, no sampling was perforned. 

3. 4. 3. 3 Rationale for Extrapolation of Waste Quanti ties to Entire 
Industry catego:cy 

Waste quantities were keyed to production rates. Waste genera
tion rates (53 kg of waste~tric ton of product) identified in Figure 3-3, 
were applied to estimated production figures to yield total waste anounts. 

3.4.3.4 Waste Quantities for 1974, 1977 and 1983 

Because products in this category are ultimately used for 
apparel, furnishings, and other cons~r products, waste projections are 
closely related to population grcwt:h. (A standard Census Depart:rrent grcMth 
factor of 3 per cent per annum was applied.) Estimated total waste quanti
ties for 1974, 1977 and 1983 are shCMn in Table 3-11. Eighty-three per 
cent of the total wa5te is generated in EPA Regions II, III and IV. 
Region IV alone generates 4 7 per cent of the total. 

3. 4. 4 category D - W::>ven Fabric Dyeing and Finishing 

'!he 22 plants visited in this category are located in Al.abana, 
Georgia, Massachusetts, North Carolina, South carolina I Rhode Island and 
Virginia. Their annual productions range fran 2, 700 to 82,000 netric tons. 
'ttle typical plant with wastewater treatment facilities produces 5,600 netric 
tonS annually. The nunber of enployees at the 22 plants ranges fran 75 to 
2,000 and averages 650. Plant ages range fran 11 to 75 years, averaging 
39 years. Operations noi.Ttal.ly nm 3 shifts per day, 5 days per week, 50 
weeks per year. The typical product is a polyester-cotton blend fabric, 
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IV 
X 
IX 
VI 
IX 

Alabama 
Alaska 
Arizona 
Arkansas 

Tobie 3-1 I. Category C.,.. Estimated Ouontities of Total Wastes 
from Greige Goods Operations, Dry Basis*' (KKG/YR) 

1974 1977 
2 400 2 626 

600 657 
CalJ.tornl.a 6 700 7 332 

VIII Colorado :.wu £1'1 
1 Connec.:1:1.cut 1 200 1 313 
III Deia·.-~are 100 109 
:rv FlorJ.<.la 4 800 5 253 
IV GeorqJ.a 14 000 15 321 
IX Ha~1a1.1 . 
X Idaho 50 55 v Ill.ino:l.s 2 400 2,626 
v Ind1.ana 600 657 
YII Iowa 200 219 
VII I~ansas 200 219 
IV Kentud;y 400 ~8 
VI Lou1.siana 400 438 
I Maine 300 328 
III Harvland 400 438 
I Massachusetts 3.000 3 283 
v Michiqan 1 000 1 094 v t1.innesota 900 985 
IV M1SS1SSl.):>Ol. 1 000 1 094 
VII M1ssour1 300 328 
VIII Hontana 50 55 
VII Nebraska 400 438 
IX Nevada 
I Ne\~ Hamosh1.re 400 438 
II New ,Jer;;ey 11 000 12 038 
VI New :-1cxico 100 109 
II New York 26 000 28 453 
IV North CarolJ.na 38 000 41 585 
VIII Hortn Dal~ota 
v Ohio 2,000 -~,_l_!lr,l 
yr Oklahoma 700 766 
X Oreqon 700 766 
III PennsylvanJ..a 17 000 18 6Q1_ 
I Hhode Island 1 700 1 860 
IV South CarolJ.na 9 400 10 286 
VIII South Dakota 
IV Tennessee 4 900 5~2 
VI Texas 1 200 1.313 
VIII Utah 200 219 
l Vermont 300 328 
III V1rc1nJ.a 2 300 2 517 
X Washinaton 700 766 
III Nest V1.rqin1.a 200 219 
v WJ.sconsin 600 657 
VIII h'V(.'Jnl.I1Sf 

1983 
3 125 

781 
8 723 

260 
l 562 

130 
6..1_49 

18 226 

65 
_l, 125 

781 
261) 
260 
52_! 
521 
391 
521 

3 906 
1 302 
1 172 
1,30~ 

391 
65 

521 

521 
14 321 

130 
33 849 
49 472 

2 604 
911 
911 

LLJ}2 
2 213 

11,238 

6 379 
1 562 

260 
391 

2 994 
911 
260 
781 

1'0'1'AL 15'1,000 -~- LUI NUO 

Rcqion I 6 900 7,551 8,983 
II 37 000 40 490 48,170 
III 2{),000 2llal_ 26 038 
tv 74 900 81 966 ?7. .. 510 ·-. v 7 500 8 208 9 764 
VI 3 000 3 283 3 906 
VII 1 100 1,204 1~ 
VIII 450 - 492 586 
IX 6 700 7 332 8 723 

----:.. -X 1 450 1 587 1 888 

* D'ry basis equab wet basis 
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although sane plants were visited that process solely 100 per cent cotton 
fabric or solely 100 per cent synthetic fabric. A wide variety of 
operations were viewed, including printworks, fabric bonders, and cam
mission finishers or converters. 

3.4.4.1 Process Description 

A nass balanced fl011 diagram of the typical woven fabric dyeing 
and finishing process is shown in Figure 3-4. The individual operations 
are addressed belCM. 

Singe. Nonnally the first operation in the series of finishing 
steps, the fabric usually passes rapidly over an open flane, thus 
bunring off any surface hairiness and giving a srcoother surface to 
the fabric. Singeing may be bypassed carpletely. 

Desize. 'Ihis step may also be bypassed. Sare fabrics, such as denim 
and drapery goods, are "locm finished11 and the size remains on the 
cloth pennanently. other fabrics, made of stronger warp yarns may 
not require slashing and hence would not require desizing. In this 
step 1 the cloth nms through a bath containing the desizing agent, 
such as an enzyrre for starch size or detergents or acid in other 
cases 1 which assists in renoving the size without damaging the cloth. 

Scour. In processing cotton fabrics, the cloth nay be kier scoured 
(bOiled) in a caustic bath to renove any unwanted impurities. If 
polyester-cotton blends are involved, a separate type of scouring 
is done. This process rencves wax and non-cellulosic ccrrponents and 
prepares the cloth for dyeing. 

~cerize. 'Ihis operation is perfonred on sare pure cotton fabrics. 
'!he fabric is treated by a concentrated caustic bath and a final 
acid (neutralizing) wash. Mercerization swells the cotton fiber, 
inparting increased dye affinity, tensile strength, and luster to the 
fabric. 

Bleach and Wash. Fabric which is to rerrain white or to be dyed very 
light shades is bleached and then washed to renove excess bleaching 
chemicals. 

~e and/or Print. Fabrics which are to be dyed go to a dye beck, 
Jig, or continuous dye range, where an average anount of dye equi v
alent to 2 per cent of the weight of the fabric is used in the bath. 
If the cloth was woven fran pre-dyerl y~ or if the. cloth was 
bleached am is to :re:.main white, this operation would be bypassed. 
White or eyed rabrics -'Which are to be printed may be flat-bed 
printed, roller printed, or rotary screen printed. For 
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Figure 3-4. CATEGORY D- TYPICAL WOVEN FABRIC DYEING AND FINISHING PROCESS 

WOVEN 
GREIGE 
GOODS 
1.0Z1 

LW 
SIZE69 

WASTES KEY: 

LW LIQUID WASTE 

\} 
0 

• 

•• 

PROCESS WASTE TO LAND 

- WATER POLLUTION 
ABATEMENT WASTE 
TO LAND 

POTENTIALLY 
HAZARDOUS WASTE 
STREAM TO LAND 
SEE TABLE 3-14 FOR 
SPECIFIC METALS 

LW 

LW 

DYE CONTAINERS 0.5 
DYE (50% DYESTUFF) 20 

I 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

RESIDUAL DYESTUFF 0.0023 

RETAINED SLUDGE• 
SEE NOTE 

POTENTIALLY 
HAZARDOUS 

CONSTITUENTS: 
RESIDUAL 

CHEMICALS 0.04 

FINISHED 
WOVEN 
FABRIC 1,000 

NOTE: AN AVERAGE OF 67 KG (DRY), 7,300 KG (WET) 
SLUDGE IS RETAINED CONTAINING 0.63 KG TOTAL 
HEAVY METALS,"" 1.0x1o-3 KG TOTAL CHLORINATED 
ORGANICS AND 3.4 KG DYESTUFF (NOT INCLUDED IN 
MASS BALANCE). 

(NOT INCLUDED IN 
MASS BALANCE) 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 
TOTAL HEAVY METALs•• 0.19 
TOTAL CHLORINATED ORGANICS 300x1o8 
DYE STUFF 1.0 



detailed info:t::nation on dyeing and printing techniques and equipment, 
the reader is referred to the two sections of the glossary (Appendix 
A) entitled "dyeing" and "printing". 

~lied Finish. Chemical finishes such as anti-statics, anti-soils, 
f~re retardants, softeners, water repellents and permanent press 
resins nay be applied. Additionally, fabrics may be bonded together 
in this step. 'lhis process nay be bypasssd altogether, or be either 
preceded or follc:Med by rrechanical finishing. 

Mechanical Finish. Brushing, napping, shearing, pressing, sanforizing, 
tenter~zl.ng, heat setting, calendering, and sanding are ccmron 
rrechanical finishing operations which rerrove wrinkles, inprove the 
hand of the cloth, its dircensional stability or shrinkage charac
teristics, or alter its surface characteristics. The cloth may pass 
through any one or usually several of these opera.tions. Mechanical 
finishing may be bypassed altogether or either preceded or follc:Med 
by dlemical finishing. 

3. 4. 4. 2 Waste Stream Descriptions * 

This category's typical plant land-destined waste streams are: 

waste 

cloth 
cloth 
cloth 
cloth 
flock 
dye containers 
chemical containers 

fiber 

wasted sludge 
retained sludge* 

Source 
Quantity (kg of waste/ 
kkg of product) 

singe and desize 
:rrercerize 
bleach and wash 
rrechanical finish 
rrechanical finish 
dye and/or print 
dye and/or print, applied 

finish 
wastewater pretreatm:nt 

screening 
wastewater treatm:nt 
wastewater treatm:nt 

0.2 
0.1 
0.2 
6 
4 
0.5 
0.8 

0.8 (dry) 
2.8 (wet) 
20 (dry) 2,300 (wet) 
67 kg (dry) 
7,300 kg (wet) 

* The retained sludge quantity is an accumulation over the life of the 
pond. 

3.4.4.2.1 Potentially Hazardous or Non-Hazardous COnstituents 

'lhe flock, fiber and cloth wastes identified in Figure 3-4 are 
considered non-hazardous. 'Ihe dye and chemical container waste streams 
are considered potentially hazardous. because they contain potentially 
hazardous residual dyestuff and chemicals. 'lhe potentially hazardous 
portions of the dye container and chemical container waste streams were 
detennined to be 0.0023 kg/kkg of product and 0.04 kq/kkg of product, 
respectively. 
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Sludges in the wastewater treatment system also contain hazardous 
constituents such as heavy rrEtals (chrcmium, copper, zinc) , chlorinated 
organics and dyestuff and therefore, are also considered potentially 
hazardous. 

3.4.4.2.2 Sampling Results 

Table 3-12 lists the results of the analyses perfo:rned on the 
composite sludge samples taken weekly over a period of four weeks f~ 
five plants. In every instance rrEtals or organics concentrations in the 
solid phase of the sludge exceeded the drinking water limits. HCMever, 
the chlorinated organics concentration in the liquid phase of sludge was 
less than the drinking water standard for total organics of 0 . 7 ppm in all 
cases. The total heavy zretals content (9, 395 rrg/kg of dry sludge) was the 
second highest, exceeded only by Category B - Vb:>l Fabric Dyeing and 
Finishing (20, 900 rrg/kg of dry sludge) . Iron accounted for 52 per cent 
by weight of the total heavy zretal content. Zinc accounted for 25 per 
cent of the total heavy zretal content. This may be due in part to the use 
of zinc nitrate as a catalyst in the application of pennanent press resins. 
Analysis perfor.med for total chlorinated organics showed 98.8 per cent by 
weight of the total content (15. 2 ppn) was found in the solid phase of the 
sludge, with the remainder in the liquid phase. Detailed sarrpling results 
may be found in Appendix c of this report. 

An average of 67 kg (dry} or 7,300 kg (wet) of sludge is retained 
in the typical plant • s wastewater treatment system, containing 0. 6 3 kg of 
total heavy rrEtals, 1. 3 x 10- 3 kg of total chlorinated organics, and 3. 4 kg 
of dyestuff. 

3.4.4.3 Waste Quantities for 1974, 1977 and 1983 

Because products in this category are ult.ircately used for apparel 
furnishings, and other consumer products, waste projections are closely ' 
related to population grcMth. (A grcMth factor of 3 per cent per annum 
was applied. ) Table 3-13 quantifies the total wastes for this category 
for 1974, 1977 and 1983. 

Tables 3-14, 3-15 and 3-16 list.dye and chemical container and 
potentially hazardous container residuals wastes for 1974, 1977 and 1983, 
respectively. 

Sludge quanti ties and its potentially hazardous constituents 
amounts appear in Tables 3-17, 3-18 and 3-19 for 1974, 1977 and 1983, 
respectively. Because there is little or no change anticipated in 
textile wastewater treatment in 1977, it was considered valid to relate 
sludge quantities to production for that year. However, it is antici
pated that 1983 regulations will bring about a change in zrethcxls of 
treatrrent. The best estimate of the effects of 1983 legislation was found 
in the report prepared for the National CCmnission on Water Quality 
entitled "Textile Industry Technology and Costs of Wastewater Control" 
(10) . The figures for sludge generation in 1983 were based on the pro-
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Table 3-12 

Category D -Woven Fabric 
Dyeing & Finishing 

Sludge Analyses 
(mg/kg of dry sludge) 

Drinking Water 
Rl".nge( 1) Average (2) Parameter Limit* (~~m) 

Arsenic 0.05 < 0.6-< 1.4 <1(3) 
Barium 1.0 12-85 39 
Cadmium 0.01 < 1.4-10.8 4.4 
Chromium 0.05 89-3,969 11196 
Cobalt ** . <2.8-109 26 
Copper 1.0 193-1,130 652 
Iron 0.3 917-13,600 4,910 
Lead 0.05 < 16-68 36 
Man genese 0.05 42-318 128 
Mercury 0.002 0.1-0.7 0.35 
Molybdenum ** <0.2-<28 <17 
Nickel ** 12-88 32 
Zinc 5.0 318-7,791 2,370 

Total Heavy Metals 9,412 

Alumin.um ** 1,420-12,800 4,640 
Magnesium 60.0 1,340-5,730 2,820 
Potassium ** 1,420-6,35'.) 3,580 
Sodium **' 19,400-9 4,700 51,300 
Strontium ** 2.4-21 16 

Total Chlorinated 
Orqcmics 0.7 4.3-27.8 15.2 

Suspendcod Sol ids (%) ** 0.42-1.34 0.88 
Tol·al Solids (%) ** 0.72-2.04 1.26 

{1) Range of the individual plant avorages 
(2) Grand average of 20 measurements from five plants 
(3) Less than values were considered to be at the maximum in computing totals 
* U.S. Public Health Service. Drinking Wctar Standards. 1962. 
** No drinking water standards have been set for these metals • 
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Table 3-13. Category D- Estimated Quantities of Total Wastes From 
Woven Fabric Dyeing and Finishing Operations (KKG/YR) 

1974 1977 1983 
Dry Wet Dry Wet Dry Wet. 

IV Alabama 1 /-,7() · :n·?A? ' -1- -71..~-. 79 ~R9 :"l.f.~R 10.nR 
X Alaska 
IX Arizona 
VI Arkansas 40 1.631 42 1 734 96 293 
IX Cal1.forn1.a 40 -17-11 -42 1 734 96 293 
VIII Colorado 20 8.55 21 926 37 102 
I connect1.cut 792 ~A ,1,17 R:i'i 36.650 _I .736 5 136 
III Delalvare 79 -3.462 R'i 3.665 164 474 
:rv--F1or1.da ~00 .. ,, ,~?i1 121 14 244 655 I 915 
IV Gcorg1.a :"l1?A 142 1>75 3.541 152 790 7 290 21 590 

.IX Hav1a1.1. 
X Idaho 
v Il]_J.nol.s R7A ~R ,1,97 -9:·fi . 40.740 1.904 5634 v Ind1.ana 120 5.093 126 5 399 266 790 
VII Im1a 
VII Kansas 40 1 631 42 1 734 96 293 
IV Kentucky 1?0 'i 091 126 5.399 266 790 Vr LOUl.Sl.ana 
I Ma1.ne 240 9'QAA ?57 10 196 520 1,500 
III f.1aryland 19'i -A' i;.:;? 212 9 263 436 1 296 
I Massachusetts 1 ~lX l.d? 553 3.429 '--II. ,;.·-·r. 7 170 21.070 v Michigan I 79 3 362 85 3 565 164 474 
v M1.nncsota 40 1 631 42 1 734 96 293 
IV Ml.SSl.SSl.pOl. 79 ':j 'lJ..? si.:; :"l.'iA'i -J64 474 
VII M1.ssour1. AO ?~ 1-.1 2.649 132 392 
VIII Montan.:t I VII Nebraska 
lX Nevada 
I New Hamosh1.re ?1? 9?7A ??9 9.985 468 1 408 
II Nevl Jersey ? 99R 1~?.n7. 1.213 142.442 6 648 19,548 
VI New l·lexl.co 
II Ne"Vl York . l 198 50 930 1 263 53,985 'l.~Y_ .! ,499 
rv---North Carol1.na A J..A'l ?7<; 110 6.973 295.460 14 460 42 560 
VIII North Dakota 
v Oh1.0 49? 21-:3-A..! .'i:-!4 22 406 1 040 3 060 v:r Oklahoma 79 :"l.1A2. 85 3 565 164 _474 
X Oregon 
III Pennsv1van1.a 177 7 940 194 8 550 37.) I ,085 
I Rhode Island 177 7-QJ() 194 8.550 375 1.0R'i 
IV South carol1.na1 10 4R4 448 140 11 130 478 .. '568 22.460 _65.760 
VIII South Dakota 
IV Tennessee 396 11. 1l~ A1R 17.3~'i R'i1 ? J!O~ yr Texas n11 3-:i~!.?R P.!.l. 1AM1 _l.7J7 .'i 1.d7 
VIII Utah 
I Vermont 79 3:1,1,2 85 3.565 164 474 
III V1.rq1rua 396 16 313 -418 17 335 853 2.493 x Washln(!ton 
III \'lest Virq1.n1.a 
v Wl.sconsln 40 1 .631 
VIII Nvoming 

4? 1.734 132 4..17' 

TOTAL 35 616 1 522 477 37 702 I 618 203 77.224 227 070 

Region I 4 814 207 732 5 038 211 614 10 433 30 673 
II d 191. 1R1 167 . 4.471. 1911.1..?7 9.?n7 1?7 Od7 
Ir:r 847 3!..?67 909 3R.R1~ 1 .A?R l5.3dA 
IV 23.01R 977.228 24.3.'i9 1.046.7AR 49 .78~ '141>.3?0 v 1.6119 7179R 1.760 75.578 3.60? 110.688 
VI 932 397.2-1 992 41 960 2 007 l5.91i 
VII Joo i l7Q ln.:; .d ':Ill, 2?R lA A<; 
VIII _2(1 Ri;<; ?1 9?!. 17 110? 
IX 40 1 !.':If 42 1.734 96 1291 
X 
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Tobie 3-14. 

v 

IV 1\l~[n!r.'l -=~-
X lll<,:;t.a 
~j;;:r;!o_r._a _______ 
-~--,-;r.Y..i.ll7!~---

~{::~:r.r<:-or-nra-·-
v1 fiCOfr·;r;;;fo-
y---coonect~-rc-ut--

rrx-Di!Ti.l\.iar(: 
w-~:.-_rc;-r~ 

w--cc,·m.:riT7-i 
lx--!lilWC\ il. 
x---Jt\i.JhO 
~llll\015 
v---:ii;d 1 an£. 
Vll-~lr,\~il 
~j~;;n:-;as 

rv--:Jcl7i1~----
VI Lou:tr~lana 

r--}~.iii1e 
Yf.Tif;Jr~na 
-~--·Mi1-~?Si\Chusr!tts 
v--Jy1·rcriTf7l.trl--
v--f4""fiir.Cr.ota 

Category D- Ouontitics of Potentially Hazardous Dye ond Chemical 
Container Wastes from Woven Fabric Dyeing and Finishing 
Operations, 1974 (KKG/I'R) Dry Weight• 

Dye 
Containe• 

-~~--
1---· 

1 

;_Jso 
20 
? ··-
7.5 
85 --
22 
3 

-1 
__ 3__ ____ 

6 

-~-
"L 

1 

Hazardous 
Residual 
Dyestuff 

__ 0.!9_Q_ 

0.005 
~..QQ5_ 

0.002 --
-&092 

f-· .00'1 
0.034 __ 

r-.9--l~-

0.10 
0 01.4 

0_,005 
__f).QlA 

0.028 
r--··o:"C23 

0:38 
0:009 -· ·-

Chemical 
Container 

67 

1.6 

h:%o--
32 
J.L 
12 

--140 --
36 

__4..8 

L6 "ia_ __ 

9 ..... L 
8 
130 

t-- 3;2_ 

Hazardous 
Residual 
Chemicals 

34 

0.080 
_.o..o.ao.._ 

0.040 

~ 
0,60 
6.8 

. 
1.8 

n?T 

Q.Q'8Q 
l--..!l.2A 

01~ -9;-4 
.Q 

0 16 
Q,QQ~---- __ L6_ oofuL_ 

---··r-·-T---...----~·-IV H~S~J.Sfil.P'_)J. 2 0.00 3.2 0.16 -Y.J;..i ··i"0}:"u\:I.:=.___ f-· 1::5 __(ll)fJ7 ?:A o 12__ 
Vlll Wmtand -VIIi ~(!~})_r;·S1~ a 
~N0V:1da-

. 

-r-.. i>~c·~ !I.:l::-.rl£h1.r~ 5.5 O.D25 8.8 ~·4.4-.. 
II NC\J .Jcrscv 77 _Q.J'i .. l?n ---
--------~ \'I [~G\'l r-ic:: l.CO 
y:r--"Nc;:;--yor·k"-- 30 0.14 48 ·tt 'fV--NOi1J1c,1r.ol-.l"'N 170 0.77 270 
Vi:Tr;·:ci'tn taEciE:- -v--ohfo ____ 

12 0~058 20 1 
VJ. OklaLN.13 2 0.009 12_ .Jl.lL-
x--or,;qo·n~ 

YIYI~nn~-\·~~~~l 4.5 _q_.o~ 7.2 0.36 
r--Rh0dCTs1(\J.ld 4.5 __ Q,.Qll.__ ._];? -gf"' ~-Sout1i'C;:u:o finn l----26o 1.2 -- 420 VTIT-soutfl ualiot.~ -

f-· w--;ff.·;ru;CS'S"Ce --- _10 0.046 16 0.80 
vr-·J~i:as 20 0.094 33 11. vn CuEii.'i1----··- . 
'i Vern•.ont 2 ~_(}.UUY 3.2 "().(6 
III vjt.=Ori~ 10 _Q.Q_4Q__ 16 ·nfiM" 
x----wcizril!.Clf:on 
'ff'I""'WC5i··-Fi r~ llll~ 
----~-~-·--- 1 ~905 0.080 V \\'J.fiCCinSl.l"'. 1.6 vff1 iTyomJ.ii<i'"_ .. ___ 
TO'l;AL _!97 ·-· 4.115 1 437.6 70.56 .. 

B£gion I ·- 121 0.555 190.8 9.64 
II t==1]7 ~.?_ 168 j.-~.4 ---rrr----- 2T:-r- _Q..~ --- --~1 -- ],Q ·---iv ~~.L_- ---~:~~r-·--

__ _2;3 .A.6. 
v 67.2 ~~-
vi _____ 

I-· _!l.lQa_ __ •. 23 __ .3ZJL_ _ ___l.B_ 
VT.I Mo-·-- ---8.&1------- -·---tao f--ta~ VIII. ·-- :r.x ~--r:==::· --o:cr--·· __ 1 ~6 .::::: 

---y: -- ,_ __ Q~_Q.!!. ____ __ O_,Q§Q__ 

-
*Dry Weight •Wet Weight 

3-39 

Total Potentiolly Total 
Hazardous Hazardous 
Waste Constituents 

112.59 3.59 

'2:685 .UH:J 
2.685 0.085 I 

1.342 0.042 
53.692 1.692 
5.369 0.169 
20.134 0.634 
232.19 7.19 

~ ,';1 

8 Oli4 0.254 

2.6~ u.ucs: 
8.054 0.254 

16.108 0.508 
13.423 .423 
219.98 6.Yts 
5.369 0.169 
-,;,;a~;· 0.085 
5.369 0.169 
4.027 0.127 

14.765 0.465 
?n11" b.1'i 

RO.'i4 2.54 
~7T 13.77 

33.058 1.058 
5.369 0.169 I 

12.081 0.381 
l?.oi:li 0.381 i 

70?2 22.2 
i 

26.846 0.846 
54.694 1 694 : 

I 

'i.1A9 0 169 i 
?1\ l?A 0.126 I 

?bR<; 74.675 

? .400 ?7.; 74.675 

321.995 10.195 
')Q'l RQ R.R9 
i;/,QQQ 099 

<;I,J.l'\3 48.653 
1IT.i~L 3551 
>2.748 1.948 

-;, 71') 0...212 
1.342 0.042 
2.685 .uus 



Table 3-15. Category D- Quantities of Potentially Hazardous Dye and Chemical 
Container Wastes from Woven Fabric Dyeing and Finishing Operations, 
1977 (KKG/YR) Dry Weight* 

Total Potl!ntially 
Hazardous 

5.!>795 0.1795 1 Vcnltont 2 1 
X~ir.q .. l~I~ll~a------+--jj 
-x -w.wfu!Hrton 
Yfi"i~·~stVTl-"Za.·-n...,l-a-1--------~--------+--------jr--·---t-------+----_j 

28,134 0,134 

v--wTGc0ilsTil f-w'-----4-----ll.· 2.8903 0.0903' V!fiiiiVQ;;ii'i)ci ____ _ 

TOTAL~. ~.~.6~1:3~---t--~~~--~~~~~--i-~~~--t-~2~,5~7~0.~85~5~+-~7~~.17)~~ 
:.:R:::.eg""'i::.:o:.:.n:..-.::r'=-____ ---l1- 12a 1 o.5ll65 204.3 10. __ 23-=--;--~34~3r.2i>lr6::.5_1--,~1o~.a~1~6;us 
___ ..:1~1,,-----t---,UA o~ l~L----I--.!l["-'il;9w-t-~3~0~4.;;,42~-+-_:9~.~4~::fL_J 

II~( .23~2----I---...Q_,JQ.5 36..._5 1.055 60.86.'7nlr-t---!1K-.~16:_.,_J 
Jv .P.L5 .... L ~ .. !l.~.?L..-~.2.¥---- -·j4,a.~. n~-t---1' ll.,rr:66617i:-:34-m-:95~~-i5~1 .~s;w~~u 

-----,~"'"'r,-------t-fl·:~-·- g~-~~~- -~- ----- ·--4j:e'~f:>,..,!_t---i:!-z!s.~36H 1'99;?;7a'.!-1+-~-~~~71u 
.-----~-~''-!::"'---·-- ------:=- ------·--t--7rm--t--rt~~.!!....-J-~2.~m~~98u 

------,;~~-1__ ..J....z._. o_,9JJL_ ....A.l. ______ -~o~.z~n~5-t-~o-':l.l~27T;7;---t--~o'..i.2m;nu 
__ -;v_J}.!., ___ . ....n..s1 o.oo21 _____ .nJl.5 __ -·-- f-- .9.~0~42_-t--:'~.4~;2~4*'--j:-~o~.o~41liiTLJ 
______ I_JS LJ. ___ --.D~0053 1.7 -- _Q_ •. _,0,.,85,__-+-~2-'"".8"-90..,3'--f-~0::.!.09:!!ilff.!:!:L.J 

________ x~-------k-·---------4------------~----------~----------~-----------L------~J 
*DRY Weight a Wet Weight 
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Table 3-16. Category p- Quantities of Potentially ~azardous Dye_ & Chemical 
Container Wastes from Woven Fabric Dyeing and Finishing Operations, 

Hazardous Hazardous TotaiPot,j Total 
1983 (KKG/YR) Dry Weight* . 

Dye Residual Chemical Residual Hazardous Hazardous 
Container Dyestuff Container Chemicnls Waste Cons ti tue ntJ 

IV Alabama 53 () ?A A'i ..! ~ l.d? <;j J~'i4 

X Alaska 
IX Arizona 
VI Arkansas ,1.3 0.0063 2.0 0.10 3 406.':f 0,1063 
IX Cal1forn1a 1.3 0.00/,1 ?.0 !'I 1n -~ AM':! o lnA1 
VIII Colorado 0.63 0 0025 1.0 0 0'>1 1 :t;R3s~ .Q._Q5_3l_ 

I connect1.cut 25 0. 12 41 2.0 68.12 2.12 
III Delaware 2.5 -.-11 4.1 0.20 6.811 0.211 
IV FlorJ.da 9 'i 0 OA.1 l'i ·oil, ?'i 101 0..803. 
IV GeorqJ.a 110 0 49 1RO ~R~ ?9Q 09 9.09 
~X 11.:1\>lal.l. 
X Idaho 
v Illl.nOl.S 28 0.13 41. ,. 2 3 76 43 2.43 
v Ind1ana 3 8 0 018 6 1 0.30 10.218 0.318 
VII Im·.'il 
VII Kansas 1.1 0 OOA1 ? o () 10 1 . .dOA1 0 1063 
IV Kentucky 3.8 O.OlR 6 1 0.30 To:?fa 0.318 
VI LOUl.Sl.ana 
I Malne 7.6 0 035 12 0.61 20.245 0.645 
III Maryland 6.3 0.029 10 0.51 16.839 0.539 
I Massachusetts 110 0.48 160 8.4 278.88 8.88 
v Michigan 

? " 0.011 4 f 0~0 6.f!f1 Q,211 
v l·hnncsota 1.3 0 0063 2 0 0.10 3.4063 0.1063 
IV Ml.SSl.SSl.Dr.>l. 2.5 0.011 4.1 0.20 6.811 0.211 
VII 11l.SSOUrl. 1.9 0,0089 3.0 0.15 5.0589 0.1589 
VIII Hontr .. na 
VII Nebraska 
IX Nevada 
I Ne\v' l!amosl~J.rc 7.0 ' 0 032 11 0.56 18.592 ·o.592 
II New Jersev 98 i 0.44 150 7.6 256.04 8.04 
VI New }1e:uco I 

II New York 3R ! 0 1A 6f 3 0 102.1R 3 18 
IV North Carol1na 220 i 0.98 340 16 576.98 16.98 
VIII North Dakota 
v Ohl.O l'i ' o~rin ?'i 11: A1 171 l-373 ' 
VI Oklahona ? 'i ' n ~on 4 1 () ?0 A .8 11 0.211 
X Ore9:on 
III Pennsvlvan.la " 7 () 0?7 Q 1 nA;;- l'i ?R7 0.487 
I Rhode Island 5.7 0.027 9.1 0.46 15.287 0.487 
IV south Caroll.na 330 1 ~, 530 27 888 .'i 28.5 
VIII South Dakota I 
IV Tennessee 13 I 0 0<'8 20 1.0 34.058 1.058 
VI 'I' ex as 25 0.12 42 2.0 69.12 2.12 
VIII Utah ' 

I Vermont 2.5 0 011 A. 1 o ?o ldlll 0 211 
III v~rg~nl.a 11 0- O.'iR 2-0 0 10 33 158 0.158 
X l.YashJ.nqton 
III \vest v'irqinl.:J. 
v I'VJ.scons~n 1.3 0_0063 2 0 0.10 3.4063 0.1063 
VIII l•lyom~nq 
TOTAL lUSl Q':l 'i 10-"Q 1Rl2,.9 llQ-?1:1 1656 2869 94.4569 

Region I 157.8 0.705 237.2 12.23 407.935 12.935 
II 136 {\_[,? 211 -

10.6 358.22 11.22 
In 27.5 0 125 43.2 1.27 72.095 I.J95 
IV 7Al.R 1 1A 1180_2 ~~16 1983.5 61.5 v 51.9 0 2-!odA -R'i.? 4 3 141.6446 . 4.5446 
VI ?R.R 0 1373 4R 1 2 3 . 79.3373 2.4.173 
VII 3.-? 0 0152 5 0 0.25 8.4652 0.2652 
V.III 0 63 0.0025 1.0 0.051 1.6835 0.0535 
IX 1.3 0.0063 2.0 o. 10 3.4063 o. 1063 
X 

*Dry Weight.= Wet Weight 
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Tobie 3-17. Category D - Ouantitie> of Potentially Hazardous Wa•tewater Treatment Sludge• from Woven Fabric 
Dyeing and Fini~hing Operations, 1974 

RETAINED SLUDGES' (KKG) 

Total 
Total Total Total Total Chloe- Hazardous 
Dry Wet Heavy Metals inoted Organics Dye<tuff P,nstituento 

~--~~~----~~~-r~--;-~l:x~1,~~3~)-fn(~,x~1~~-6~)---b~(;x~l~~3~)-ll~1~3l IV AaJ::;•,;·.a 0 13 6. l97 2 

Total 
Dry 

WASTED SLUDGES 1 (KKG/YR. 

Total 
Heavy N~tals 

X AlasY~.a~-----1-------;------t---------1-----------;--------~---------f-------t-------t---------t-----------+------~----------~ 
~1-£0!"!.1. ~ 

VI r,r'-'"'oas 0 ~1.~5++1 ~7:---+...!0~.14~--l~-~22 ___ -t-~7~5-+~0~.8~9:-----ir.-:14;- 1.6 0. ;-:IJ;--t--;;0.--;. 2;-;1---+-~0~.7~.....;..' -~-B~s:3!---l 
IX ca-11-c.r~~ .o~o~f:J5~4--.:J~-~7-4-~o.1~4 __ ,._~o .. ~22 ___ -l~ot--~7o_-t -~~?---;"*'':;---t~;---~~-t-~o··~-1~:l--t~··H2''---+--i!0~7~o~:-~o-c~ .. s ~:3.,--~ 
Vlll Colcro.do o:oo76 0.87 0 O: -0. 0. 38 0.4:> .2 0.8• 065 0.36 0.925 
y--c~-ct:.cut o :11 .:1~ ., o 7 16 t--1~8~----t-:'9r:'"-----~-?~'-;--t----:---;;:;7---~~~-----;---fl4!,--4---+£,6·;,:;·-~....j 
III Deia·.-;a:rc o_n~1L-f--*.'l...5:L--t-"!-o~?O---t'lo~~~~7---~~--t-~·8~9---+"ff;;?O,n,----t--1r.;"-i--*'n?'f;-7--f--';"'!·4~1·4.._ __ +-_,;..::·-~.....;..-..,;..::·o;.,;,7,----l 
IV F or1~a 0. 13 o ~-~ n.5 •v 13 Jl.....!. 1.7_ 5, J.o. 
~IV~~G~~~o~:rr~,l~a~---~~.3~-~1~50 __ +-~1? ___ ~1?~n-----~'~'--t-~7~7----r~1200~-i-_c1~--· 12·~-;--1;~9~--~r--T~~~-~7~2~---4 
IX li'<'•''"" 
~X--~Igaga~r.~.~~~----+-~.--t-o,,---t-~·.-----·tc.,--------tl~----t-~~-----i~~---i--~---t--~~---t--~-------t--'"---+--~,-----~ 
«";;:::::jl~l~•t•·~''~t-"==+~0:. 4 39 3.2 5.2 17 20-:2 _:ua___~a_-t-·~1nh---+-*~oT---+-~1~6:--+-~1_;9,..,----l 
~ In "''"' Q.o_46._ _;<,_:.t._?-if-Ln..._,_,.,_~ __ t!10u....L.LL70 ___ -t.ko.?·-~"----t-....._.2 .. 73"'---+4L.;_--,_~-"'0"---+·-"'-0.,_,4"-I-·- 0.65 <!.2 1 .61 
VI I l0\·7a .-------t-;...,,,----t-'7=----11-:-:--·--ii--;-:--t--::-=---f;-;;-:::-- i 
VII Y.art£ a~ ~O:..l.O~l"'-5-lf--'-1 <!.· 7_-+_;0~·c.!1.:!.4 ___ _...,o,....22 =~---~·':'7'f5--;l--0~"":;·8~9---+..u_ .~ -2 -~~ -jf-~·~ ?; __ -lf-""'*0'(;.7/'!-0-!-40.'¥8"3-f~--..j 
IV Kentu::i;" An. c .., n ,., 0 7C _2.,.3 _2.73 -U 5.0 IJ.41 6~ 2.2 2.6 
~_,_~,.'!.!~--- f-:-·=·:-+=---+-=-=---+~---------+-:-;----t---c-:;:;-----1-;;-;----+--:::-;;---t-_---::o:-::78::---- -1-=- ---t--:;-;;---+---'T'C.,-----i 
I ~~"''"-' Jl.Q22.__]JL__I-'n~~RI: ___ -+~-A~-------t~·-'!-6---f__,5,_,.~46,._ ____ -+..8~.4·!----f-·98~ ~ -~ 4.2 1 ~.>v 
TI~zc::;:;:--- 0076 ___ R:7 Q 7C 1.._ 3.8 _-4...5_ 72 .4 ~ --hl------t--3~.6-+1--:4;-; . ...,25,__ _ __, 
I !!'1S5fc!':·:sutts 1.3 4 1' · 20 65 .Il__ 1200 _140 11 18 60 71 
v :ii:::.:c:;n · 0.031 ~ 0.?9 i o 4 1.89 29 3 3 0.27 6~44AT---+--':1:".4;---+--';1-':.6;;7:----I 
~~~~a ~Oli-;~~~--~-~o-•~-----~'~"~~-------1·J"~~'c---;r~~9~;~--~i-*L'A~---i--~~--t--~o#}1~_-t~~-~21-______ ~-4o~J~OL-+--7cr.~s~----l 
r~ !-asslSi-'-"''-'1 ,QJJ 3.5 0.29 0 47 .6 ,_,..,. ?9 3 -~2;_-t--:0~.~4~4 _____ 1---i1~.4~-t--.....;.:·~"'-'----~ 
\i'fi7.; ~;c.oc;r J. n n?'l ? n ?? n ~• ' ..J...n. ?1 ? < __ -.ll.....2Q__ -".0...-. . ..,...32 ____ 1 _ __,1...,.0'---+--~1."'2--~ 
VIII !!n:-.!:.<::.::.:: 

IS.. Tallie :HI f« definition tl retained and ~eel sludge. 



Tcble ~18. Categcoy D- Quantities of Potentia~ Ho~ Wastewater Treatment Sludges From W<Nen Fabric 
Dyeing Gncl"!'inishing Operations, 1 

RETAINED SLUDGES1 (KKG) WASTED StuOGES1 (KKG/Yl!) 

Total Total Total 

Total Total Total Total Chlor- Hazard ow Total Total Total Chlorinate-:! Hazordovs 

Dry Wet Heavy Metals inated Qrganics DyestufF Cansti tuents Dry Wet Heavy Metals Orgonie~ Dye< tuff Constituents 
(x to-3) (x 1(1"6) (x to-3) Cx t(J'"3) X Jo3) (x 10- ) 

LV Aabal2 064 "" 6.0 9.7 J;. :lR 65C 78 o 9.8 2 38 
X Alaska 
IX Arizona 
VI 1\rka.n:;as _lLOli L7 0. 14 OJ5 OR'l 15 I 7 0 14 .23 .75 0.89 
IX Ca .1-C.~!'ll.a 0.01~ 0 0. t2 _Q.7'i .89 15 1.7 0. 14 _Q:..?:!_ .15 .89 
VIII Colc-,raco .0076 .87 0.07 0.11 0.:18 CM5 7.8 no: 07? oi2 0 9 0.46~ 
I Conn'2:ctl.cut 0.31 35 2.9 4.7 16 18.9 310 11. .!l 4 7 16 18.~ 
II l>fa.a":are nm1 ~-~ 0?9 0.47 .6 1.89 31 3.1. :f- 0.47 .6 1.89 
~ Ficr~c:a. 13 I. ~-~ 6.5 120 1 .B 6.0 7. 
IV Gecrca.:1 1.3 150 20 65 77 .J5lL_ r--12-- 2(J 65 
zx-l!a\cau 
X It!a .• o 
v Illl.nol.s 0.34 .:ti 3.2 5.2 17 202 340 40 "l ? 5.3 17 20.~ v I!"!C1l.a::.a .O.D46 5.2 0.43 70 2.3 ??"l 46 5.3 n.r... 0.72 2.3 2.74 
V. I I c.,.: a 

-VII Y.c..-~sas 0.015 IJ. 4 . 0.72 0.75 O.B9 15 .g 0.14 0.23 0.75 . O._!l!__ 
r-F r.:c:ttuc!:"' 0.046 5.2 0.43 0.70 2.3 2.73 46 0.44 0.72 2.3 2.74 
\'!_ LoUl.SlC.!la 

I Haine n 1'1':'? 10 ORI. .. 1..6 _<; 91 10 0.84 I 4 4.6 5.44 
I I 

~=;~~~~S"i!ttS tr6 IB 0.70 .1 "l...8. -175 78 9. 7? l 4.62 
I uo___:_ 12 20 i."i; 140 I? 19 60 72 
v l·h.ch1r.:....n 'IO"l1 13.5 0.~ 0.47 1.6 ...L8L_ 31 3.5 . .0..211._ 046 1.5 1.78 
v ,.!l.!l:':.£1':i~~a OJ)J5 .7 0.1-4 0.22 o 7<; 0 89 l'i .7 ~ 

n?"l o 7~ " 0 
IV Ml.SSlS"":1!J'!':Il. 'l'l:' I~ 0.19 0-47 I.B~ 

. 
-~ ~ ~ .5 • 78 .6 

\'II .Mls~:::c:.:.!"~ .n~ I? 0~22 0.35 • 2 .1.2 . '~ .o" 0.34 .2 'l 
VIJI :;r,:4ta::~ 

Vl.I ?:t.~~! ;,s.-:a 
.IX l!ev•~da -
:r l!~.# !!?t~nsntre n nAA !9 0?1) 1.3 ---!ol__ . 4..2i. "' 0 R _Q..Q2!L_ 1.2 -1t- I. 279 -II t:e,.,~ Je::::-sF..y I? ! 110 18 ....Zl. l?nn 140 _u 18 71 
VI !~':!l-! :-!:_.::1('"0 

II !·:~'".1 Yc~:.; 0.4/o . ._, 4. 7.0 ?"l ~3 ~n 53 4..4 7.2 23 27.4 
IV :!or~r. C~v .a.na '1.6 29(] 24 40 1"l0_ 7.~00 290 "24" 38 I:Q___ ~49 I 

VIII ;..:orc..n .:i'!1::ota ' v Ohio n 10 ?? II 2..9 Q ~ 

. 
11 "I 20 2' a_ 2.9 10 11.8 

VI O."<..!.::h::~~ o.m· ~ 1n ?<l 0.47 _l_~ RQ 30 3.5 .. .0.2!1 .46 ~ 1.78 
Y. O:.·:::c~G~ 

III Pt?r.:13•· .:-van u• o.rv.o 72 
-

8.4 ~_65 1.0 3.6 4.25 A Q..A~ 10 ·" ,4_.,05 
y----j{f!tx~e Isli!nC O_llf,? .8 ro_6.<; 1.0 3.4 -..-_05 n R"i -0.65 o 3.~ 25 
IV So·:"t1!.. rarol1.na 4.1 46C 38 .62 20 ?38 .4000 470 38 ~? 200 23a 
~c.t;t:l ::~.kota 
IV Te:;'!nec:.5::::JC 0.15 17 .4 2.2 .'i 8 9 1.5.Q._ 17 2.3 Z!i 8.9 
V'I TC"!':~S 0_3' 3.~ 1?.9 .. !~ _1_8.9 ;vQ 36 0 4.8 -- _16 19 
VIIi IJ<:ah 
I \'~:..~; ~=-~~ 0.031 .5 29 0.47 ~6 1.89 30 3.5 O.il:l -~ 1.5 ./H . 

liT Vini"i:=.:.~ 0.15 1 1.4 2.2 .5 8_9 L'iO ? ~ 7.5 8 9 
X \·,•;,:t;hlr.=~on -III ~\est V!.rcrl.nl.a 1--· 
v t:isco~s}E_ ~5 1.7 .1-4 0.22 -- _ _o..zs.._ O.R9 15 .7 0. 14 0.23 0. 75 0.89 

.VIII hv!'r.'.!r.cr 
"::TT,~~ 13.9026 1.556.n I 12B_R.<; '11...{1 .J>2L3l. r--~......_LB __ _j~~~-B,!l-91 _12ft.~ 209.26 .682 44 810.85L...; 

R~qio:t I 1.886 1205.9 17.49 28.87 94.8 12 22 I 7«7 • i 207.7 :El!L 27.76 89.9 106.6~ I 
II .66 182 15.3 25 83 98.3..._ __ .1,6tl!l I 193 ?<; ? R3 98.42 
III 0:17A tu ':! 04 .. 1~.3 ~34 _33 ' 3.06 9~ 16,6 1°.66 
IV R.977 011 R.1 I? 131. AA.19 52j .02 8 796 .027. 83.22 l:lo; OR 4:9 ~--v 0.637 173. .0 9. I 31,h-- ~i~!A - -rJ (!.Q__ 

~ ~~}-- 32.3 
VI 0.356 ~0.2 .33 5.39 . .JJi~ 1.2 ____1 42 18.25 2.o. 
VJI O.D38. .3 10.36 0.5~ ~R . 3 0.3.5. . o; .95 
VIII n M7~ o R~ 10.07 011 _0_38. -~1t- 7.8 0.9 172 12 0.39 0.462 
IX In n1" 7 lo.u 022 n 7o; 15 .7. 14 nn 0.75 0.89 
X 

1 See Table 3-8 fcc definition of retoined and -eel sludge. 



IV 
X 
IX 
VI 
IX 
VIII 
I 
III 
IV 
IV 
IX 
X 
v 
v 
:YII 
VII 
IV 
'{I 
I 
Ill 
I 
v 
v 
IV 
VII 
VIII 
VII 
·IX 
I 
II 
VI 
II 
IV 
VIII 
v 
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IV 
VI 
VIII 
I 
III 
X 
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Table 3-19. Category D- Quantities of Potentially Hazardous Wastewater 
Treatment Sludges From Woven Fabric Dyeing and Finishing 
Operations,* 1983 (KKG/YR) 

Total Potentially Total Total 
Hazardous Waste Heavy Ch Iori noted 

Dry Wet Metals Organi:3: Dyestuff 
lx. 103\ (x 10- ') 

Alabama 2300 9.2 21 34 120 
Alaska 
Arizona 
Arkansas 64 0.256 0.60 0.98 3.2 
caHforn1a 64 0.256 0.60 0.98 3.2 
Colorado 21 O.OR4 0. 20 0.32 1.0 
Connect1cut 1 100 AA 10 17 55 
Delaware 100 0.4 0.98 1.6 5.0 
FlorHla 410 1.64 3.8 6.2 20 
Georo1a 4 600 1R .d 44 72 230 
Hawa1~ 

Idaho 
Ill1no1s 1 200 4.8 12 19 60 
Ind1ana 170 0. 68 1.6 2.6 8.5 
Iowa 
Kansas 64 0.256 0.60 0.98 3.2 
Kentucky 170 0_68 l.h 2.6 B 5 
LOU1S1ana 
Maine 320 1.28 3.0 4 9 16 
Harylana 280 1 12 2.6 4 2 14 
Hassachus· ··s 4 500 18 42 65 220 
Michigan j()(l 0 4 0.98 1.6 5 0 
Ml.nnesota _64 0.256 _o 6o 0.98 3.2 
M1SS1SS1pp1 100 0.4 0.98 1.6 5.0 
M1ssour1 84 0.336 0.78 1.3 4.2 
Hontana 
Nebraska 
Nevada 
New llamoshl.re 300 1.? 2.8 .4._6 15 
New Jersey 4 200 16.8 39 63 210 
New Mexico 
New York J 600 6.4 15 25 80 
North Carol1na 9 100 36.4 84 140 460 
North Dakota 
Oh10 650 2.6 6.0 9.8 32 
Oklahoma 100 0 .d 0.98 .l.6 5.0 
Oreaon 
Pennsylvan1a 230 0.92 2.2 -::3._~ 12 
Rhode Island 230 0.92 2 2 3.6 12 
South Carol1na JA (}00 _.<;6 140 210 700 
South Dakota 
Tennessee 530 2.12 5.0 7.1:J 26 
Texas 1 100 A.4 ]0 1L 55 
Utah 
Verrr.ont JOO 0.4 0.98 1.6 5.0 
V1.rcnn1a 530 2 12 5.0 7.8 26 
Naslnnaton 
\'lest V1.rcnn1a 
\'Jl.SCOnSl.n 100 0.4 0.98 116 5.0 

VIII Hvonung 
TOTAL 

Region 

48.481 193 924 4-62.06 734.84 2A28 

I 6.550 26.2 60 98 96.7 323 
II · 5.RQQ_ ?1.? 5.<1 88 290 
III 1.140 4.56 10.78 17.2 57 
IV 31.210 124.84 300.38 474.2 1 569.5 
v 2 284 9. 1'1/, ?? ]/, ~5 .-'iR 113.7 
VI 1 264 

. " (}-"~, .J 1 <;A 19 _t;R . A:i.? 
VII 148. 0.592 1.38 2.28 /,4 
VIII 21 0.084 .0 20 0.32 1.0 
lX 64 0. 256 0.60 0.98 3.2 
X 

*It was n.ot possible to differentiate between the retained and wasted sludge for 1983 
so the estimated values for thi~ year reflect the total quantity. 
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Total 
Hazardous 
Constituents 

141 

3:8 
3.8 
I .2 
65 
5.98 
23.8 

.274 

72q 
10.1-

3.8 ----10 1 

19 
16.6 
262 
5 98 
3.8 
5.98 
4.'1(j 

17.8 
249 

95 
544 

;j(j 

5.98 

_14.:.! 

14.2 
840 

JJ 
65 

5.98 
31 

:>.'It! 

2 890.06 

383.98 
344 
67.78 
1 869.88 
135.86 
74.78 
tl,/0 

1.2 
J.I:J 



jected figures fran this report. It wets not possible to differentiate the 
arrounts of retained and disposed of sludge for 1983 so the estimated values 
for this year reflect the total arrount. 

3.4.5 category E - Knit Fabric pyeing and Finishing 

The 20 plants visited in this category are located in Alabama, 
Massachusetts, New York, North carolina, Pennsylvania, South carolina, 
Tennessee and Virginia. '!heir annual productions range fran 380 to 19,000 
:rretric tons. The typical plant with wastewater treatment facilities pro
duces 4,000 rretric tons annually. 'Ihe mmber of employees involved in wet 
processing at the 20 plants range fran 110 to 800, and average 390. One 
plant, fully integrated fran raw fiber to finished gannents, employs 5,000 
people. HCMever, only 500 are involved in wet processing as contrasted 
with 2,500 involved in sewing operations. Equiprrent is newer in this 
category than in Category D (W:>ven Fabric Dyeing and Finishing) as illus
trated belCM: 

No. of Plants with Fquiprent Ages 

less than 5 years 
6 to 20 years 
greater than 20 years 

category 
E D 

4 
10 

6 

0 
10 
12 

'Ibis is to be expected, because of the relatively recent introduction and 
popularization of knit (especially double knit) fabrics. Operations normally 
nm 3 shifts per day, 5 to 7 days per week, 50 weeks per year. 

3.4.5.1 Process Description 

A nass balanced flCM diagram of the "typical" knit fabric dyeing 
and finishing process is shCMil in Figure 3-5. The knit industry is un
doubtedly the rrost eli versified category, in tenns of products and processes, 
of all seven of the industry categories. The various types of knitted 
i terns range fran hosiery and pantyhose, unde:r:wear and outerwear to circular 
and warp knits. The reader should be cautioned that, while the descriptions 
of the process flCM and waste streams are sufficient for the purposes of 
this report, it is nore likely that, in reality, there may be as many 
"typical" knit dyeing and finishing process descriptions as there are 
plants in this category. Figure 3-5 presents a generalized overview of 
the entire category, and its use for purposes other than those delineated 
for this report may be misleading. Of the 20 plants reviewed, no two 
plants perfonred the sane operations in the sane sequence. Individual 
operations are addressed belCM. 
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Figure 3-5. CATEGORY E- TYPICAL KNIT FABRIC DYEING AND FINISH PROCESS 

CIRCULAR 
KNIT 
GREIGE 
FABRIC 
993 

WARP 
KNIT 
GREIGE 
FABRIC 
993 

WASTES KEY: LW 
LUBRICANTS- 10 

LW LIQUIDWASTE 

'J PROCESS WASTE TO LAND 

0 WATER POLLUTION ABATEMENT WASTE TO LAND 

.. POTENTIALLY HAZARDOUS 
WASTE STJ'lEAM 
SEE TABLE 3-22 
FOR SPECIFIC 
METALS 

LW 

DYE CONTAINERS 0.9 CHEMICALS 50 
DYE (50% DYESTUFF) 20 CHEMICAL CONTAINERS 0.9 

RETAINED SLUDGE• 
SEE NOTE 

LW 

SALEABLE 
CLOTH 
WASTE 30 

FINISHED 
KNIT 
GOODS 
1,000 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

RESIDUAL DYESTUFF 0.0024 RESIDUAL CHEMICALS 0.0015 

NOTE: AN AVERAGE OF 64 KG (DRY), 9,600 KG IWETI 
SLUDGE IS RETAINED CONTAINING 0.32 KG 
HEAVY METALs:• 4.hto-3 KG TOTAL 
CHLORINATED ORGANICS AND 3.2 KG OF 
DYESTUFF (NOT INCLUDED IN MASS BALANCE). 



Slit. Circular knit fabric (fabric in a tubular fonn) may be slit 
and opened to flat form at virtually any point in the process, 
depending on requirements of the processing equipnent (i.e., if the 
equipoont is not capable of handling fabric in a tubular fonn, it must 
be slit and opened to flat fonn) . At three of the plants processing 
circular knit gcxxls, slitting was the first stage of the operation. 

BfY<?lean. This operation is included for the sake of canpleteness. 
It ~s not, however, a very extensively used process (two of the 20 
plants - or 10 percent - drycleaned only a portion of their output) 
and is normally perfonood only on yam-dyed fabrics knit of 100 per 
cent synthetic yams. 

Scour. Natural waxes, lubricants, or tints applied to the yarn for 
~dentification purposes are reroved in this operation to prepare the 
fabric for dyeing. 

Bleach and Wash. Fabric which is to remain white or to be dyed very 
light shades is bleached and then washed to rem::we excess bleaching 
chemicals. 

Dye and/or Print. Fabrics which are to be dyed go to a dye beck, jig, 
or continuous dye range, where an average anonnt of dye equivalent to 
2 percent of the weight of the fabric is used in the bath. If the 
cloth was woven fran pre-dyed yarn, or if the cloth was bleached and 
is to ranain white, this operation would be bypassed. White or dyed 
fabrics which are to be printed may be flat~bed printed, or rotary 
screen printed. For detailed infonnation on dyeing and printing 
teclmiques and equiptent, the reader is referred to the two sections 
of the glossary (Appendix A) entitled "dyeing" and "printing". 

Olemical Finish. Chemical finishes such as anti-statics, anti-soils, 
fire retardants, softeners, water repellents and pennanent press 
resins may be applied. Additionally, fabrics may be bonded together 
in this step. '!his process may be bypassed altogether, or be either 
preceded or followed by roochani.cal finishing. 

Mechanical Finish. Brushing, napping, pressing, tentering, heat 
setting and calendering are camon rrechanical finishing operations 
which raoove wrinkles, improve the hand of the cloth, its dim:msional 
stability or shrinkage characteristics, or alter its surface charac
teristics. The cloth may pass through any one or usually several of 
these operations. Mechanical finishing may be bypassed altogether 
or either preceded or followed by chanical finishing. 
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3. 4. 5. 2 Waste Stream Descriptions * 

This category's typical plant land-destined waste streams are: 

'Vlaste 

cloth 
cloth 
cloth 
dye containers 
chemical containers 

cloth 
fiber 

wasted sludge 
retained sludge* 

Source 

dye and/or print 
chemical finish 
mechanical finish 
dye and/or print 
dye and/or print and 

chemical finish 
wash 
wastewater pretreat:nent 

screening 
wastewater treat:m:mt 
wastewater treat:m:mt 

Quantity (kg of waste/ 
kkg of product) 

2 
4 
3 
0.9 
0.9 

2 (dry) 4 (wet) 
0.8 (dry) 2.8 (wet) 

typically none 
64 kg (dry) 
9, 600 kg (wet) 

* The retained sludge quantity is an aCCUimilation over the life of the 
pond. 

3. 4. 5. 2 .1 Potentially Hazardous or Non-Hazardous Constituents 

The fiber and cloth wastes identified in Figure 3-5 are considered 
non-hazardous. The dye and chemical container waste streams are considered 
potentially hazardous because they contain hazardous residual dyestuff and 
chemicals. The potentially hazardous portions of the dye container and 
chemical container waste streams were detennined to be 0. 0024 kg/kkg of 
product and 0.0015 kg/kkg of product, respectively. 

Sludges retained in the wastewater treatment system (typically, 
no sludges are currently disposed} also contain hazardous constituents 
such as heavy metals (copper, zinc) , chlorinated organics and dyestuff, 
and therefore, are also considered potentially hazardous. 

3.4.5.2.2 ~ling Results 

Table 3-20 lists the results of the laboratory analyses perfo.nred 
on conposi te sludge SaJl1?les taken weekly over a period of four weeks 
fran three plants. In every instance where drinking water limits are 
established, metals or chlorinated organics concentrations exceed these 
limits. Iron accounted for 76 per cent by weight of the total heavy 
rretals content of the sludge. Analysis perforrred for total chlorinated 
organics showed 99.4 per cent by weight of the total oontent (64. 7 ppn) 
was found in the solid phase of the sludge, with the remainder in the 
liquid phase. Total chlorinated organics concentrations in this category 
were the highest of all categories. '!his may be due in part to their use 
as dye dispersants in dyeing the synthetic fibers which are camonly 
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Table 3-20 

Category E - Knit Fabric 
Dyeing & Finishing 
Sludge Analyses 

(mg/kg of dry sludge) 

Drinking Water 
Ra11ge ( 1) '2) 

Parameter Limit* (~~m) Average\ 

Arsenic 0.55 <0.85-<12 <4.8(3) 

Barium 1.0 <15-<125 <53 
Cadmium 0.01 <0.7-< 12 <4.5 
Chromium 0.05 2.5-50.2 33 
Cobalt ** <3.7- 62 <23 
Copper 1.0 89-1,030 410 
Iron 0.3 1,557-8,260 3,840 
Lead 0.05 <7-<125 <52 
Manganese 0.05 12.6-112 51 
Mercury 0.002 0.7-1.9 1.4 
Molybdenum ** <15-<250 <94 
Nickel ** <3.7-<62 <25 
Zinc 5.0 120-1,250 550 

Total Heavy Metals 5,117 

Aluminum ** 1,293-6,625 3,180 
Magnesium 60.0 963-1,625 1,210 
Potassium ** 1 ,560-4,040 2,850 
Sodium ** 12,800-87,500 54,200 
Stro:-~tium ** 3.7-<38 15 

Total Chlorinal·ed 
Oraanics 0.7 2.24-181 64.7 

Suspended Solids (%) ** 0.02-1.1 0.69 
Total Sol ids (%) ** 0.08-1.35 0.87 

(1) Range of the individual plant averages 
(2) Grand overage of 12 measurements from three plant·s 
(3) Less than values were considered to be at the maximum in computing totals 
* U.S. Public Health Service. Drinking Water Standards. 1962 
** No drinking water standards have been set for these metals 
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processed in this categm:y. Detailed sarrpling results :rray be found in 
Appendix C of this report. 

An average of 64 kg (dry} or 9,600 kg (wet} of sludge is retained 
in the typical plant 1 s wastewater treatnent system, containing 0. 32 kg of 
total heavy zretals, 4 .1 x 10- 3 kg of total chlorinated organics, and 3. 2 kg 
of dyestuff. 

3.4.5.3 Waste Quantities for 1974, 1977 and 1983 

Because products in this catego:ry are ulti:rrately used for 
apparel, furnishings and other consurrer products, waste projections are 
closely related to population grc:M:h. (A grcwth factor of 3 per cent per 
armum was applied.) Table 3-21 quantifies the total wastes for this 
category for 1974, 1977 and 1983. 

Tables 3-22, 3-23 and 3-24 list dye and chemical container and 
potentially hazardous container residuals wastes for 1974, 1977 and 1983, 
respectively. 

Sludge quantities and its potentially hazardous constituents 
amounts appear in Tables 3-25, 3-26 and 3-27 for 1974, 1977 and 1983, 
respectively. Because there is little or no change anticipated in textile 
wastewater treatrrent in 1977, it was considered valid to relate sludge 
quantities to production for that year. Havever, it is anticipated that 
1983 regulations will bring about a change· in zrethods of treat'm=nt. The 
best esti:rrate of the effects of 1983 legislation was found in the report 
prepared for the National carmission on Water Quality entitled "Textile 
Industry Technology and Costs of Wastewater Control" (10) ~ 'Ihe figures for 
sludge generation in 1983 were based on the projected figures fran this 
report. It was not possible to differentiate the arrounts of retained 
and disposed of sludge for 1983 so the esti:rrated values for this year 
reflect the total arrount. 

3. 4. 6 category F - carpet Mills 

'Ihe eleven tufted carpet dyeing and finishing plants visited 
in this category are located in california, Georgia, North carolina and 
South carolina. 'Iheir annual productions range fran 4,000 to 70,000 metric 
tons. 'Ihe typical plant with wastewater treatrrent facilities produces 
10,000 zretric tons annually. 'lhe nurrber of errployees at the eleven 
plants range fran 55 to 900 and average 345. Eight of the eleven plants 1 

equi_pll8nt ageS are in the 5 to 30 year bracket 1 With one plant IS equip
ment newer and two plants 1 equipnent older than this. Operations nonnally 
run 3 shifts per day, 5 to 7 days per week, 50 weeks ~year. 
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Table 3-21. Category E- Estimated Quantities of Total Waste 
from Knit Fabric Dyeing and Finishing Operations 
(KKG/<R) 

1974 1977 
Dry Wet Dry Wet 

IV Alabama 404 510 428 537 
X Alaska 
IX Ar~zona 

VI Arkansas 
IX Cal~forn~a 150 187 162 200 
VIII Colorado 
I . Connect~cut 68 86 72 91 
nr Dela•:mre 
IV Flor~ua 1~R 173 149 185 
IV Gcor(aa 484 619 508 656 
rx Hawa~~ 

X Idaho f£ 17 15 19 
v Illinois 54 68 58 72 
v Inca ana 
VII Iowa 28 35 'Z'l 37 
VII Kansas 
IV Kentucky 82 103 86 109 
VI LouJ.s~ana 40 51 43 54 
I Ma~ne 14 17 15 19 
lli Mary lana 1.tt 17 l.i 19 
I Massachusetts 208 261 220 274 
v M~chlaan 14 17 15 19 
v Ml.nnesota 68 86 72 91 
IV Ml.SSlSSl.OOl. 54 68 58 72 
VII M~ssour~ 

VIII Hontana 
VII Nebraska 
IX Nevada 
I New Hamosh1.re 68 86 72 91 
n New Jersev 542 683 576 721 
VI New ~lex~co 
II Ne\ol York 957 1 206 1 015 1,254 
IV North Carol~na ~ 5.340 4.404 5 .. 710 
VIII North Da1~ota 
v Ohl.O 54 68 58 72 
Y.i Oklahoma 14 17 15 19 
·x Oreqon T4 17 15 19 
III Pennsvlvanl.a 887 1,116 945 11~ 
y Rhode Island 126 150 137 16" 
IV South Caroll.na 819 1 030 865 109 
VIII south Dar:ota 
!Y Tennessee 518 646 552 684 
Vl Texas 54 68 58 72 
VIII lit all 
I Vermont 14 17 15 19 
lii V~rqliUa 288 360 300 384 
x Washlnqton 
III \'lest V1.rcnn~a 14 17 15 19 
v W1.scons~n 82 103 86 109 
Vli I \vvcm~nq . 
TOTAL 10 448 13,239 11 073 14 065 

Reqion I 498 617 531 656 
II 1 499 1 889 1 591 1 975 
III 1 203 1 510 1 275 1 606 
IV 6.662 8 489 7 050 9 045 
v 272 342 289 363 
VI 108 . 136 116 145 . 
VII ?R ~~ 'E 37 
VIII 
IX 150 187 162 200 
X 28 35 30 38 
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1983 
. Dry Wet 
1 908 6.188 

706 2.296 

306 978 

662 ?T!,?-

2 412 7 912 

~'i4 168 
259 839 

145 480 

404 1.314 
201 b.'iR 
54 168 
54 168 

986 3,186 
54 TAA-

306 978 
259 839 

306 978 
2 592 8 392 

4~60 14.160 
?0.~·100 61..100 

259 839 
54 168 
54 168 

4.226 13.646 
570 1 810 

~.9V. -~ 

2 456 7.946 
259 839 

54 168 
1:348 4.338 

54 168 
404 T.314 

50 002 162 272 

2 276 7 288 
6.952 22 552 
5 682 18 320 

32 337 10'i 197 
1 282 4 138 

'iU 1 _1,1-,t:,-

1411 . .4RO-

706 2 296 
lOB 336 



Table 3-22. Category E- Quantities of Potentially Ha~ordous Dye and Chemical 
Container Wastes From· Knit Fabric Dyeing and Finishing 
Operations, 1974 (KKG/YR) Dry Weight* 

Hazardous Hazardous T ota I Pot. T ota I 
Dye Residual Chemical Residual Hazardous Hazardous 
Container D ff C estu ontarner Ch . I W C emrcars 1aste .onstrtuents 

IV Alabama 27 0.072 27 0.045 54.117 0.117 
X Alaska 
IX Arjzona 
VI ArkJnsas 
IX Calitorn~a 9.9 0.026 9 9 0 016 19 . .842 0 042 
VIII Color.;:,do 
I Connect1cut 4 5 0.012 4.5 0.008 9.02 0.02 
III Dcla~Vare 
IV Flor1da 9 0.024 9 0.015 18.039 0.039 
IV Gcorg~il 3? 0.086 _32_ 0.054 _M lA. 0 14 

.IX lla•11a1~ 

X Idaho 0 90 0 002 0 90 0.002 1.804 0.004 
v Ill1no1s 3 6 0.010 3.6 0.006 7.216 0.016 
v Ind1ana 
VII Io\'la 1.8 0.005 1.8 0.003 3.608 0.008 
VII Kansas 
IV Kentucky <; 4 0.014 5.4. 0 009 10 823 0.023 
VI Lou~ slana 2.7 0 007 2.7 0 004 5.411 0.011 
I Maine 0 90 0.002 0.90 0.002 1.804 0.004 
III Maryland 0 90 0.002 0.90 0.002 1.804 0.004 
I Massachusetts 1A 0.036 14 Q...Q22 28.058 0 058 v Michiqan 0 90 0.002 0.90 OOQ2 . 1.80A_ 0 004 v M1nnesota 'i.4 0.012 4.5 0.008 9.02 0.02 
IV l1iSSlSSlpp~ 1 f.. () {)1() 1 f.. 0.006 7.216 .n..OI6 
VII Missoun. 
VIII !'lantana ' 
VII Nebraska -.IX Nevada 
I New llamosh1re 4 'l 0.012 4..5. _0 000. 9 02 0.02 -II New ,Jersey 1n 0.096 36 0.060 72.156 0.156 
VI Ne\'1 Mexico 
II Nc\'1 York 63 0 17 63 0.10 126.27 0.27 
IV North C<trolln<l ?A() ()_ 74 ?An _0.46 _56J.2 1 .2 
VIII North Dakota 
v Ohio 

':l " 
n nln 3.6 0.006 7.216 0 016 

VI Oklahoma 9.90 0.002 0.90 o.ocg I!LU3 O~QQ4 
X Oregon ()_ 90 0 00? 0.90 0.002 18 04 0.004 
III Pennsylvan1a 'ls::l _Q_ 1f.. 58 0.098 116 258 0.258 
I· Rhode Island A.1 0.0'22 8 I 0.014 16.236 0.036 
IV South Carol~na 'lA n hi "i.d. .0 090 10H...23_ 0.23 
VIII South Dakota 
IV •rennessee 34 0.091 34 0.057 68.148 U.I4B 
VI Texas 1 f.. 0.010 3.6. 0 .006. 7.216 0 016 
VIII Utah 
I Vermont n Q() 0 .002_ 0 90 0.002 1.804 0.004 
III v~rgl.llla 19 0 050 19 0.032 38.082 0.082 
X Nash~nqton 
III West Virain~a 0.90 0 C02 0.90 0.002 1.8_Q_4_ O._QQ4 
v W1.scons~n 'l A n n1.1 5.4 0.009 10c8_23 0.023 
VIII Nv01nng 
TOTAL f..9A.4 1.845 694 4 I 1.5_2 I 391.797 2.997 

Region I :12.9 0. 086_ 32.9 0.056 65.942 0.142 
II 99 0.266 . 99 0.16 I98.4_L6 O._i26 
III 7il s::l 0.?14 78.8 0 134 157.948 0.348 
IV .A A<: 1 177 AA<; n 711. .89t9]3 1 911 
v 1il 0.048 18 0.031 36.079 0.079 
VI 7 ., 0_019 Z...2.. 0.012 14.431 0 031 
VII 1.8 0.005 l.8 0.003 _J.608 U._QQB 
VIII 
IX 9.9 0.026 9.9 0.016 19.842 0.042 
X 1 s:l. 0_004 l.8 0.004 3.608 0 008 

*Dry Weight.= Wet Weight 
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Table 3-23. Category E- Quantities of Potentially Hazardous Dye and 
Chemical Container Wastes from Knit Fabric Dyeing and 
Finishing Operations, 1977 (KKG/YR) Dry Weight* 

IV Alabama 
X Alaska 
IX Arizona 
VI Arkanso.s 
IX ca'irrorn~a 

VIII Colorndo 
I ConnectJ.cut 
III Dcla\vare 
IV Florula 
IV Georcpa 
IX Hawa~~ 

X Idaho 
v Illlnois 
v IndJ.ana 
VII Iowa 
VII I<ansas 
IV Kentucky 
VI LOUl.S~ana 

I Ma1nc 
III Marvlana 
I Massachusetts 
v Michigan 
v M1.nncsota 
IV Ml!::SlSSlPPl 
VII M1.ssour1. 
VIII Montana 
VII Nebraska 
IX Nevada 
I New I!amnsh1re 
II New Jersey 
VI New r·lcxico 
II NeH York 
IV North Carol1na 
VIII North Val~ota 
v Ohio 
VI Oklahoma 
X Orc~on 

III Pennsylvanla 
I. Rhode Island 
IV South Carollna 
VIII south Dakota 
y;;;-- Tennessee 
VI Texas 
VIII Utah 
I vermont 
III VJ..rgl.nl.a 
X Nash1.nqton 
iii Nest virq1.n1.a 
v WlSConsin 
VIII lvvominq 
!Q:0L 

Rcqion I 
II 
III 
IV 
v 
VI 
VII 
VIII 
IX 
X 

Dye 
c on tamer 

29 

11 • 

4.8 

9.5 
'"lA 

0.095 
::U! 

1.9 

r:.. 7 
?.9 
0.95 
0.95 
15 
nor:.. 

Q 

:Ul 

4.A 
1A 

A7 
100 

1 A 
n 95 
0.9S 
/..? 
A /.. 
"i7 

1f.. 
1 A 

0.9'> 
?0 

0.95 
'i.7 

7.19 .6A'i 

3<; 1 
101) 
A3 9 
,17<; 

19 .0.') 
7.6" 
1 Q 

11 
1.0A"' 

*Dry Weight= Wet Weight 

ResidUJI 
D t ff Jyes u 
0.076 

0 0?~ 

0 013 

0.025 
n 091 

0 00?1 
0.011 

0.0053 

n oT<; 
0.0074 
0 00?1 
0.0021 
o _o.1fi 
n on?l 
" nl'J o:on 

0.013 
n 1n 

0.1R 
0 7A 

() 011 
0.0021 
0.0021 
0 fi 
n n?1 
() l"i 

n -()Q/... 

~ 011 

0.00?1 
O.OS3 

0 0021 
0 01'i 

1 9'i?S 

0.0912 
n ?A 
() ??7? 
1 ?4A 
0 .O.'l21 
0.0?05 
() Ol"'t:..1 

0.028 
n on.d? 

Hazardous T ota I Pot. T ota I 
Chemical Residual Hazardous Hazardous 

on a•ner em•ca s as e C t · Ch · I W I Constituents 

29 0.048 58.124 0 124 

11 0 017 22 045 o Dis 

4.8 0.0085 9.6215 0.0215 

9.5 0.016 19.041 0.041 
~4 (). ()1)7 -6R l4A 0 14A 

I () [)91) 0.0021 0 1942 0.0042 
I 3 8 0.0064 7.6174 0.0174 
' 

1 9 0.0032 3.8085 0.0085 

-c, _7 0.0095 11.4245 0 0245 
2.9 0.0042 5 8116 0.0116 

-0 9'i 0 0021 1.9042 0.0042 
0 95 0.0021 1.9042 O,OOR-. 
15 0,023 30.061 0.~~ 
() Qt:; 0.00~)] 1.90.4? O~.QOQ 
A Q n OOAt:; 0 /..?lt:; n 0?1<; 

13:8 0 ()o64 7.6174 0.0174 

4.8 0.0085 9.6215 0.0215 -
38 0.064 76.164 0.164 

A7 0.11 134.29 0.29 
100 0.49 601.27 1 27 

1 A 0 0064 7.6174 0.0174 
0.9'i 0.0021 1.9042 0.0042 
ri 9"i 0.0021 1.9042 0.0042 
62 0.10 124.27 0.27 
A f.. 0.01S 17.238 0 038 
.;7 0.095 fl4 .245 0 245 

16 0.060 72 156 0.156 
-~A 0.0064 7.6174 0.0174 

0 95 0.0021 1.9042 0.0042 
'20 0.034 40.037 0.0~7 

\ 0.95 0.0021 1.9042 -u~ 
I '\-i 0.0095 11.4245 0.0245 

739 645 1.2233 1.482.465 8 3".175-r-

35.1 0.0592 70.3504 0.1504 
10~ 0.174 ?10 4.')4 0.454 
A3 9 0 138?. 168.1654 0.3654 
475 0 7819 952.0259 2.0259 
19 05 0.0329 38.185 0.085 
7.65 0.0127 15.3332" 0.0332 
1 Q Q....Q032 3 8085 0.0085 

• 11 0.017 22.045 0.045 
1 OAt:.. 0.0042' 2.0984 . 0 0084 
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Table 3-24. Category E- Quantities of Potentially Hazardous Dye and Chemical 
Container Wastes from Knit Fabric Dyeing and 
Finishing Operations, 1983 (KKG/YR) Dry Weight* 

Hazardous Total PotentiallyTotal 
Dye Residual Chemical Residual Hazardous Hazardous 

~--~··~~~------r--'~contgine~r----~~D~vces~t~uf~f-----r~C~o~n*ta71~ne~r-----.C~h~e~m~l~co~:l~s--r-~W~o~st~e~----~C~o~n~st~i~tu~e~nt~s~ ~I~V--~h~il~n~tJ~a~rn~n _______ +--~31~4 ________ ~-~-.~-------¥31~·4 _____ -1 __ ~0~0~1~7--i--~~~~~~~~---~---~0.~1~48~--~ 
X lila::;~~·'~" ::------+------------~-----·---j[--------t--------}-------+-----------1 
rx--J\ir?.~.~~n~a~-----+------------·t------------r------------jr---------i-----------~--------~ vr-7\i'F.nnt:a~ 
IX CalEoi·n1a -- )3 0.033 13 0.020 26_&5;! 0.053 
VIII Coloruclo 

mi ·_-_coiliicc-~c~,~.""'c:!:~':=l,-,:t:·::jt::-!s:~·~7======·=1=~-;:;o~~~~1~5=====~~==~;;-5~_,·~7======1~=;~·;"~u~===1=~~~~~~·;4;25====~l==~o~.o~:2~5===j~ Il Dc_-!:_nl~u.:;:c• 
~;y-onllu 11 o 030 ~L 0 019 2.049 0.049 iv GcorQln-----+--4~11 ________ r-~o~.~~~~----~---~t~t------t~.~o~.~~~8---1--~ijJ:2~.~T-~Hr--~~-~~ .. ~1;/8~--~ 
it~x--~,~,a~w~a~J~.,~. ~----~--~--------i---__ ~~~~~u~~~---_-_-_-~1rr_-_-_-,·,-,-_-_-_-_-_-~1rl_71nn.?tr--·~~~c-----~--~~--~ 
~X-~I~d~nl~to~-~--~-------+~-~~l].JC:::::~~-~o~.~coo~~~~---4---~1~1 ____ -i o.oo~ ~.~us o.ot50 
y_ Iluno~s 4.6 o.o13 4.6 --nol.oo1A7:76~r-i9;-:,.2~2~06,---+--x-o.'-"o·~20~6:_-l 
V I~~anil 
~Iowa --+--.Lu2.3t ____ -+---'O~t.oJ<O~Ot>"">3'----t---_.z,_,_.,__ ____ +-_=-o'-' .. o '-='OJ!I=-----J _i.6_L o. ~VI~I~l~<a~n~sa~s~--- -~~~---;--~~~-4 
~cntucky 6 a__ 0 018 6.ij _Q.0111---;--,.IJ~.76>L:>I?ry---11--_Q.,.,.""'0""'29,..---~ 
vr-Lou~ s1ana _a.4 ,-+---¥o.LJ. 0~08~9 ---+--~T-....1.7-------t--cr;~.?-~---t---i6~.*'8""14,__-+--...;0..,.*'o~14;,...._-l 
-z--MiirnP. ~l o oo25 .1.1 o.oo~ :z.2u5 _o.oo5o 
lli N"'l.'Y ard _l .I 0 oo?.~ 1 I 0.0025 ll()5 0.0050 
!..__.!:G s sac "ius'-:c-:::t-:::t-::s--l·---JW8 ____ -+--.JWl~~~1;4~;,.,~::::::::~·::::::_:il;fs;:::::::~--t--0-:528~-i--~v6 ,71.u;lf~:r----+---;o*'.*o7~4p!---~ 
v M7c lyan:~----~-~1.1~-----+--~o~o~o~~=---1-_,J~.t'------r-io.r.·~oo~r---t-~2~.2~0~5~--+-~o~.o~o~5~0--~ v----t:\1nnesotn 5..7 0.015 ~ 0.01u 425 O?'i 
'fV--):jiSSlaSH1:H _A,6_ 0 013 4,6 0,0076 _<;'.2206 0.0206 
~1TSSOUri~~~--+-~~Q~-----+--~~~----t---~~-----t--~~~~_,--.~~~--~--~~~----l 

n ~~-----~--------~---------T·----------t--------~-------4--------~ v~~t~a~n;a~----~---------~~---------,_------------i----·-----+-----------~--------~ VII Jl{,bras~:a 
IX Nevmla 
I New lln~~~n~s~n•~~r~P.~-~SL~----+--;:;o~.0~1~5~---1--.5,.~,-----r-ror.nonlor---t-,1~1~.4~2~5---+-~o~.0~2~5--~ 
I-r--N"eW"Jiii- !:P.u _4A -..LL.. O.u_l? ____ -f __ __:.U.~------t--~07(; _92. 196 0.196 
~lew ttcxico----t--~~------r-

rr-"N~r. 8 _ 0.22 ijU Uii''-;l;jr.J----ir-..;l,rrC>U,nJ:l __ +---Or.,~J:J __ ~ 
IV--ilc..rth Car.oll.na 350 0.94 350 -0.5S I l_l,_!l2 1. >:.! 
VIII Nor.t"Il .. nit1:6ta 
V Ohio 4.6 0.013 4.6 o:-mm--.,...-~_y,ur>m~u6:-----t--_'.J""I~, .. u ..,.,.,~Uo~-1 
VI Oklahc,ffi'a;------i---_~~1?----i---'n~~ nn~.,,:-----t---:;-'..1";-----t-~-On".·BS~ - .~05 0.0050 
~ _Ore<ro:'l 0~ ---rJ -·1-~~.2l0?-5----+---lo~,.~0•0~5~0!---I 
lf'Tr'Tt--If.:',;,~o~:;-:ln::-;E"~.y;;'}-:: .. v;::a-::n'~.~a::t::j 73~~:::::::t:~.0o~··<.!:A2'-'::0AA.,......·-_-_-_-_-~+_-_-_--;....;~,J;::::::~::--;;;o-.l_~-t---'i'i,_4fi:j6::.;.Jff-.:----+---*'lo.:J~:2~---I I Rhode I_Sl<i!:l~~.~---J~O----t----:~-~uLM..__ ____ t----t,f05-____ -t·--70r:-:f0fJ8::..._ ___ 1-...;2;;.r0,,U~4C> ___ +-.......;:0~,,0~46 __ __j 
~o~arol~cr~n~"at-~~~R~-----t--~o~.~IB~-----t--~8 0. IJO~ 0.2~ vyyy-s·OU!0115~;ota ~-----~r-~~-----t-~~~----+-~~~---~ 
IV '!'cnn~ssec 43 0.12 ..£. o;~l'!'~'rr~;---t---;;867.-;1~92;-----+---:::o-:.1"'9""2---1 
vr-"?.;;~;w;-- • "' o o P ----;;r.6---+--0:oon:---t--'l5'"::;;··~ ,*-:tlu;,z.-o-----i--->o'"".o""'2'*o..,..6 --~ vn 1 tifiih ,...,._ __ --· -=--·-·--+-....;!~-----:-t-....:.;:-=..;;.:...:;.. __ +.....:...!!o!~----+~~!.!:!!:!.---J 
I Vermont J .1 ~....QQ2.i. 1 1 f----o.oo25--j--·-,:z".'ll:zcu'lr'5---+--o':'l'l~ ... u "'105,.,...-~ 
YIIVIr<irn:rn- 24 n..~ ~'----+--·oz-.o~:n,,r-:;...--t--;4wij,!._rnu4----+--*o .. 'i f*.:I-4~--l 
X l~diihfitqtvn 
,'J:JTWEsf-\il:.d;i~ _,,.,.,------t--.o" .. '7l01~·--t----r,-r-- u.oozs- ·--jr-T'i~.L_;z::>u;,r---i---,_u~c .. ;;;;iuu:.JrU---1 
V 1\'iscon!nll ·--if--'>.J·8"-------t--'_Q,><L>.JlJL_ __ t-·-..:6.:.•8"------t---'-1f.l5".:..• '-l-'J·--t-....:I..:Ji.:.;:••C> ;.::>:L:i~----t----.::.0':.::.:·•ULN~--_.j Vn_ r l·lyominc)··-·-

----~~~-----+-~~~---·+-~~~---~--~~~~~;--~--.~~v-4-~~~---l ~TO::::.'l:;'A..::L: _______ _._.~S-!.!.7.:!4~.6:_ __ -+-.-..., ?~:l~l.4ll9.4.? __ t-_ _B7w_4·,...,.&...__-t__)_,.$2()3_ 1 752.9995 3.7995 

Reqion I 41.6 0.109 41.6 0.071 83.38 0.18 
=:--if ~--- ·---o_::t!~--- ,..-.l'';;~:T6:.......--;---,o~.-i;2o;;;6,.--jf-;2~5:;;:2~.5"46r---+---:o~.=>.;..:.4~6---1 
-----;:r.-~!; _______ 99.~2-- O.?nR ...!l!l~~..2~--+-~0~.].6~6--+--t'J9~8,,8<-_,34~-:---4--'0~547(:'-:-, ----1 
___ IV ~'>8_4____ I 502 _ 5~8.A. 0S2~ 1 119.2266 2.{,:66 
---,v,;-;:----- 22.a___ O..JlOl~---·- c--..22 ... Q 9.0387 45.7002 o 1002 
----,:V.}~------ _ _2 • .1 ..0. 0244..._ 9 .I .0...015.2.. 18.2396 0.0306 

_.Y.J!.!_______ . 2....3.__ __ f---O...Jl.06J.. 2.3 __Q.QQ;llL 4 61Ql • 0.01C __ _yzn: __ _ _________ 1--·-

------}~-----·-j\--- ~-=·--·- _ j~ t3~:f-·---t-~~F.64::-;.0F5.._3 --+--:_g~:~~>~~3:...._--l 
* Dry Weight :Wet Weight 
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Tabla 3-25. Category E- Knit Fabric Dyeing and Finishing Wastewater Treatment Sludges, 1974 

RETAINED SLUDGES (KKG)• 

t----,---..u.:! lN~OW:uiA~S!.J..!,.JTIED~SL~U~D,G~E~S)L-.---,------1 Total 
Total Total Chlor- Hazardous 

Total Dry Total Wet Heavy Metals inoted Organics Dyestuff Constituents 
'="'"-......-,-,-=----+----:::-::-::--1-:-:-----l.....lof~_lrr3\ (x 1CJ~ -(x 1()3) Jx 10-

3
) 

~l~V--~A~la~b.,~~m~~a~----4--~~-- ~Q__----i~'Ik~6-----+---42~L-1 ____ +---~1~6----~-~117~-~~----4 
X Alit!;bl 
~il:-.":Ori~""a---+-----1---------+-----t------t-------

Vl A .,..r, an; .. ; r --+--=--:=-l-..-:----4--::,.--,-,::----lf--:;-;.-----t---,------l--;--;-----i xx---c~ia~;;.la o. 12 17 o 60 7.8 6-----+-~---1 
VIII Colorado 
y--conn-i:CtTc·-u-'t--+--=-o'""'.os=3 7.7 o.i7 J.4 2.7 1-..~u. 2~9!...7---1 
III J>el<1\«trc 
rv Floridu~-----+--~o .. ~o~4-~J~5----~-o~.5~C0~---4--~6~.~5-----~--~5~-----4~~s~5~-----l 
lV Gcorq:ra 0.36 55 1.8 _2:,L3 __ -+ _ __J~UL8 __ --l----ll~9...!8iL--_-j vr-- HD~mi~ 
x Xdah~o~------1---~o.o"1~o·r·~1~.5~---+~o~o~s----+---~.6~5----~---·o~.5o ____ ~~o~.5~5~--~ 
V llllnou:; 0.0<12 6.1 0.21 2.7 2.1 2.31 
v-:fiiirr" ana 
Vfr. Iovta 0.021 3 0 1 .4 1 1.! 
VII J~ansas 

IV Kcntucl-:y 0.063 9 2 0,32 4.1 3.2 _J.:u. 
vr--r:ouiiaan:t _ m? .4 L---+-*' o~l6:!---ll--*"":'· ~~--t---k·"fn6--;--l~Z6.f¥-----+ -I-MaiTie___ o.o10 1.5 o.o5 o.65 o.5o ~---~o~-~5:;.5 __ --1 
III Marv.lond o 010 1 -~ 0.05 o 65 _D~_,5_Q_ __ ~_o..:!.!c3:;::5~----l 
I Massachusr:tts o lA ?1 o llO to_ __a:o 8.8 
v---1-ll.chf{jar~ 0.010 1.5 0.05 0.65 0.50 0 'iS 
v---m:nn<;::~.';l· T_:_ o.os3 7.7 .27 3.4 _JL---+--2~·..;9"'7 __ -i 
IV Miss"_::,apn~ 0 042 6 1 0 21 2.7 2 1 2.31 

vxr-~Trs~-s~o~u~·r_~r~--~----+-----4------+-------+------1~-----i VIII Montan;, 
VII Hcbras~~a----f-----+------4------+-------+--·---~~-----; 

IX Nevad<:l 
y------NCW"T!ilm;stiue O.O'i1 7.7 0.27 3.4 2.7 2 97 
ll NCI~ ,jc-rsP_y .Jt.A2.__ !-...J6;t~1!,_ ____ .j-k2.!,_ ~---+--2"':7L--+----'2'-.J1!,_ ___ 1--"""23o...l-----j ~'NeW1-'<C.~ic6'--+-- -~ 
II Nevi York 0.74 110 3.7 48 37 40.7 
rv---North Caru~~~~n~a~--~1w_1_r-wu~oL-__ ~-...Jiw-6 _____ ~--~?!~lo ____ -+----~16~0. ____ 4--~1~76 ____ __, 
VI I I No:r.lF.-:1:'.-~k:;.ot:=:· a::.__-1----:--:""""·--4--:-- :-----t-'7:""...----+---.:-:;----l 
v oh.;:.io;::.,-------+---o"-'.~0""42:o- 1P.6c:..•:-f --......._:0=-'.Z! .7 -"2.1 .1--..lu!. 23u1 __ -1 
vx-Df'l~10r.,a 0.010 I .5 o:tiii .65 ,50 0 "" 
X Oreqon n n1n I _5 0.05 .65 0.50 __Q.55 
Ill I"ennsvlv<•.nl.a o ~9 100 3.5 15 35 38.5 
I Rhodeis land o ro~ u n . .48 6 1 4.8 _.5_ 28..___ 
IV South b•rolina 0.~3 92 3.2 41 32 _li~-
\TfYISout h f'<:f;ota 
r.v Tennes~~~8~c~-~~--~o~ .. ~40--+-~~~----~~~r.~u-----+---~~6------+---~2o~-----~~2:2~·----·---

~v;x:;~1~·e~x~a~~---·------+---~04~ts_2+~6~.1~---t-~0~.2~1-----+--~2~7~--~~--~2~1----·+--~'1~t,l~--~ 
VIII Utan 
I Vermon:it'-;;-__ -+--;0~.~0*10"--t--f.:1 ;;''5!.----HOf-'''-";05,_ ___ +--~0~.6~5:!.. ____ r----.::::0~~,5~0~---1-·-~ 0'-<+i'i __ -4 
III viT.CiTii~n o_?? +-... :ri2._ ____ -+_..._.1.L.___-i-----ll~.:~<I._ ___ +---T~f_.__r __ t--_.~ ......... 21,_ ___ ---4 
X WasfiTIHJton -
'ff!"'We'St\•1l-Q.l',_,_,,..,,J,...,_a:-f---no-ln-l-l-.--,;--4--o-o--s---+---:-0 .. 65-:-:----i----0-:-.5.0"~--t---o.5---5---
v---w~~~<i=n"~--~-~tt----~~ot~~~1t=t=9tj,=====!=~fl~~1~~?_----·+---U4.4.1~--~~--~3~2'----·~-;~~3~.5:2~~~~~j 
VIII Wvominq -·--+---::--;-;-:-4--.....:::,--.----l-.,-_-~~----_-·-t----"l..o..£----t--.au."'---
~~·o~·~rA~L~~------·----------f--~8~.~1~4~l-t~l1~8~8~.5~-;~40~.~3~3---4--~5=23~.~3~--r----~~~-~~--r-~~=-~~-
Reqlon 1 0.381.-~.4 1.92 _ 24.2 19.2 I-..A!.2'1.._.1!..-__ ---4 
__ -..;:n ~JF _ur 5.a ].j__ 5s ~1 R 

fii 0 !_3,5 ___ , _ _4_.1.. 60.3 47 I ~:1~z 
IIJ . I • 25·6-.3 -~2811.-9-----..;::;..:..-- 5.215 __ 76l.~ J~ . ..Q.-~--t--334.:t__ --:-.;....-----+ 

-----:-.v~- o..2.b--r-30.6. L~---- __l3..55_ }0_._6__ ll~L-
-----'--i:V~I 0..._~-'f-- _12.2 0.'\~- . 5.45 4.2 4.6 
---i~-}h 0.021 3.o o.J.Q___ .!.·4 _!.__t)_ -1--_,_1..._.1.....___~ 

Ix -------r----o.T2·- _tl' ___ 0.6-cr---- -·-nr---·r-c:u- 6.6 
---:x:;;.;-------- o:-62- r--a:-6~- __ r-t10 ~-:-- 1 3 1 .o-- r--'1-T--

* See Table 3-8 for definition of retained and wasted sludge, 
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Table 3-26. Cqtegory E- Knit Fabrie Dyeing and Finishing Wastewater Treatment Sludges, 1977 

RETAINED SLUDGES (KKG) * 
(NO WASTED SLU[ GES) 

Tolal Dry Total Wet 

~~1~~=~·a~rn~a--------+'o~ .. 3~4----4·-~49 ______ t-~1~.7~ __ _,r-~2w_2 ______ ;-~l~7 _________ t---~1B.L7 __________ ~ 
X J\lasY.a 

!X:~ri?.Onn -----+--------7-------~r---------~----------7-----------·:t----------------~ ~;T.Gins.c;s · 
l_x ca 1J. t orm~-;-- o-~r~..r,·-~--_· -_-_ -_ ++ -;-~.1a ~~=.=.=.=.=.=.t=.-:.JJo-w.~ t,,,4i.=.=.=.~t=.J:at:.-=.3---_-=._-=._-=._it:-_~~-.:_-:a,A.-_-_-_-::_-_-..::.~1 _-_-_,"='7r...""'·~o";4":-_-=._-=._-=._-:_-:_-=._-=._-:._-:_-j 
VIII Colorudo 
-I --ccmriecti~c::iu~t==:=:jJo[ .:M:Q:§6~=:=::::Jt~s-:.2;----t--;o'.-n 219;:;----t--;;3-.6;----l-2;:;-;: .9;-----l-----,3::-:lc-:::-9-----4 
iii ncla~mre 

V Indiana 
VII Io:va 0022 -3"."2" 0.11 1.1 1:21 
VII l:an~s~a~s~----~~~~-_,~~---t~~~--t-~~--_,r-~~-----+---~U------~ 

~Kenf'i.'iCT<V o:ol.7 ..2.JL 0.34 4.3 3.4 ~.74 
VI r,otu::aan·a=---+~oc~niiL4.;.._4 4:9' ·--+-o~.1~17:--+-;2~~2----t-~1_._7:;----+-..>L.. 1AL!L7------~ 
-I - 'i-!a fiw·------ -·1-o~~ ntr!!-,--+·'!1·LL... ~-.----+-~no~~,---t--~ o.n~9-----+-7 n=-~,-----+---o:!-•~ ~~~,::----------4 
.!!.!__j~"r_ylanc\ 0 nl1 l /.. o_nt;3 0 1.9 u"i1 0 <;A1 
I Massachusetts n 17 ?A o.Rt; _t;- 9.35 
V MJ.chi'l2_n o 011 t A 0.053 o 1.9 'i3 0.583 
V Mll~ncsota n n,;l. A ? 0. ?Q 3.6 9 ~ 10 
IV -M-i~lp~p~l.~--~n~n°r.AA-A---+~!.~~-----J--0~.22~--~~~2~.~9------+-~2~.f-2------~--~?~~A?------------
Vli Hl.ssouri 
VIII Nontana~----lf--------+-------+-------+-------+------1-----------t 
~~h~r~a7.s~k;n-----~------+-------~---------t----------t------------l---------------~ 
IX Ne~v~a~d~a~------+--------i-------~---------+-----------1------------+---------------~ 
I N10:w l!'lmc·-;:;s-;;h'J.-::-r::..:. :::r.::...·:t-~o~.;;:05~~6":-_-:-_-:-_-:-_-t~81;.1.2'-:._::::~f:.-:-_1o~ .. ~ 29:_-:-_:::t-:-_~13~ ··f6._-::_-_-::_-_1f_--f2;-;;·19r:.::::::~t:::~~,-i.A{?~_-_-_-::_-_-_-_-_-_:j 
II New Jer~~y 0 ~ "~------r-~?.?~----~-~29 ______ -+~2~2 ________ 1--~-?~i-,._ ________ ~ 
vr--N"cw--ilexTc·o 
'i"f"Ncw York n-7a i?n :t 9 ~1 39 A? 9 
IV North Car.ohna ~ ~ 'i 10 17 220 170 lA? ?? vfff!North o~F.~o~ta7· ~~~~-----+~~----~~L------~--~~-----t-~~------1----UU~~------~ 
v ohro---~~~~o~n~74.---t-;6-sr-----r-no~.2~2,---+--~2 .. o-9-----1-,2' .. ~2------~-,?~7.>A.?--·-------4 
VICikfa1i'On:\ n'nl 'A 0.053 t-.9 053 05R.1 
X Ore>qon n n11 1. 0.053 .69 53 o ~A.,-
III Pe>nn!'vJ.\•anHI 0.73 110 3.7 48 37 40.7 
.!_ __ Rhoda I sla"'i17i-- niL.o..£_1->~-n--f-1~-Ul.---4--'n>L.o-t.~~ ,--+--~-.'!"'-:_ 'i~----t~_t;;-<-; .1----~--'-.;~~ A"~ .-------l 
:!L_ s~;th CaJ'Ohna n 1.7 QA 3. 4 .4.1 34 ':17 A VIII Sourn-6aEo~t~a~:~~~---~~---~~~~L----jr-~'-------~~-------1---~~----------J 
'iv 'lJ:nn~ssN' o.42 62 _;.:_.!_ ----t-~zr-ots-----+--l5z:-.rll ____ -t---~·?'l.~·T!----------~ 
~~II ~~~~,.. o:nTA 6.s o.22 2.9 z.z ? A? 

r---vc~r~m~o~nFt------fto--~o~11.---~1r.-76----~-.o~.~~~3.---+--no.•6~9-----r-~o .. 5~3-----r-~n~~'iA.1~------~ 
III -~i~ n ?~'--·--t~,.~.A----+1~1~-~2~--r-~~ll'i~------lr-ijj?~-------r--~,~,?~--------~ 
X Wash.tnaton 1 

III-1;;-cst\ifr<i'! n.LLI 0. 011 1.6 ! O.~J 0.69 0.53 -O.'iR'f 
V-----~~~rn---·- OM7 9~RL-----~1~0u·~3~4----f--~4.3~-----1--J~4~-------f---~~17~'·A.L-________ , 
VTITI·Ivi:iininq ----r , 
TOTAL _ f-8, 622 __ [-1270. 1---1;--'-42".-::;7:;-64-:---f--5;:-;5:-..;2:-:. 9:;;2;-----t-~4;;;2-=;7:-: .6"4----+-~ 41~'7.:-=-0 -~~c::-:-----~ 

Reqion I 0.404 [..l.8.6 ' 2.046 26.08 20.46 ?? ~M 
li ---W--22- I 1~- 6.1 ~~-=- - _ _;6;,:·1'--=-:------II---="1:7.._L ______ _. 

------i~I ~-~2----' ~2------~'i~O~~--~~n~,4~.:wi~H----~~'in~.~~---~--~~ 
----·------- _s_.£l.) ___ ~Q2..3___--..2Z.J2. 351.1 271 9 ?oo !l2___-----

~1 -- ~~- ' 32 6_______,__J_J.2J ____ 1_{,_~9 11.23 .,., . ..353. ---

=---~--:--=-J~~-b------=~-~2_ t!~: j -t~.11...,.~---l-...-1-..:~,-9---4---,-41:-rf3---+·--A-~-Z3------~--==--== 
_____ 1~------'-~L~------l..lL_ T -H~ 8.3 _§.4 _]-D,4_ _____ -+ 
___ ,_.!i.____ 022 --L1..:_~-- . :.:106:;:__-'-_.:l.:.:.J:=...ts ____ ~--~_;_:,·==.,U6 ____ .1-__ .Ll.J.Itg66Q_ ____ _ 

* See Table 3-8 for definition of retained and wasted sludge. 
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Table 3-27. Category E - Quantities of Potentially Hazardous Wastewater 
Treatment Sludges from Knit Fabric Dyeing and Finishing 
Operations,* 1983 (KKG/YR) 

Total Potentially Total Total 
Hazardous Waste Heavy Chlorinated 

Dry Wet Metals Organi~ Dyestuff 
(x 103) (x 10- ) 

IV Alabama 1 Ann 5.6 7 ? 92 7n 
X Alaska 
IX Arizona 
VI Arkansas 
IX Cal1torn1a 520 ?nA 2.6 34 26 
VIII Colorado 
I Connect1cut 220 0.88 1 1 14 11 
III DclaHare 
IV Flor1da 490 1 96 2.4 32 24 
IV Gcorq1a 1 ROO 7 ? R.R 110 90 
IX Hawa11 
X Idaho 37 0 148 0.20 2.4 ].A 

v IlllnOlS 190 0. i6 ·0.95 1? 9:5 
v Ind1ana 
VII Iowa 110 0.44 0.56 7.1 '1.5 

VII Kansas 
Dl Kentucky 1nn ·1.? 1 'i 19 15 
VI I~ou1s1ana lt>n n.6 n 7'> Q 7 7 r; 
I r-1a1ne 17 n 1.4A Oc?O 2 4 1.8 
III Maryland 17 n 1.4A 0.?0 .2 4 1 8 
I Massachusetts 720 2.88 3.6 46 36 
v Mich1qan 17 0 148 0.2(f 2.4 1.8 
v M1nnesota 2?0 0 88 1.1 14 11 
IV MlSSlSSl.OOl. 1Qn ?7n 71-. ·n.Q'i l? Q r; 
VII thssourl. 
VIII Nontana 
VII Nebraska 
IX Nevada 
I Ne\-1 Hamoshl.re 220 0 88 1.1 14 11 
II New Jersey 1 ann -77. 9 5 120 95 
VI NC\ol r.iCXl.CO 
II New York 12.8 16 210 160 
IV North Caroll.na l'i nnn 1-.n 75 970 750 
VIII North Dakota 
v Ohl.O 190 0.76 0.9.'i 12 9.5 
VI Oklahoma 17 n 148 0.20 2.4 1.8 
X Oregon 17 0 1.4A .0.?0 2.4 1.8 
III rennsylvanl.a 1.1no 12.4 15 200 160 
I Rhode Island 4l0 1.64 2 .. 1 26 20 
IV South Caroll.na ? ann 1l_A_ 14 180 140 
VIII South Dakota 
IV •rennessee 1.800 7.2 9 1 120 90 
VI 'l'e:x:as 19() n.76 0 95 12 9.5 
VIII Utah 
I Vermont 17 . n liR 0.20 2 4 1.8 
III V1rq:cnfa"" 980 I 3 92 4 9. 63 49 
X Nash~nqton 

m l~est V1ro1n1a 17 n l.dR 0.20 2 . .t 1.8 v w~sconsl.n 1nn 1.2 
Vffoyoming 

1.5 19 15 

TOTAL 1A.79A 147.184 183 21 2367 1 R1R 4 

Reqion I 1 644 ·1>&:,76 8.3 104.8 81.6 
II ."i 100 ?n A . ?'i.'i 330 255 
III A l"iA 16.6ltl 20.-3 267.6 212.6 

Total 
Hazardous 
Constituents 

n-:3· 

28.6 

12. 1 

26.4 
98.9 

2 0 
10 46 

6 07 

11>.5 
a 26 
2.0 
2.0 
39.6 
2.0 
12. 1 
10 46 

T2.T 
104.6 

176 
826 

10.46 
2.0 
2.0 
175 
22.1 
154.2 

99.2 
10.46 

2:1Y 
3<UJ 

2.0 
16.5 

? fl?1 :37 

89.9 
280.6 
233.0 

lV . 2i RRO Q<; "i? 1HL9"i 1~ llRR~ 1 .30E 96 
v 93:7 3.748 4 7 51.4 46:9' 51.52 
VI 1n ·1.508 1.9 24.1 18.8 20.72 
VII 11n I fl AAO 0.56 7 1 5.5 6.07 
VIII 
IX '520 2.02 2.6 34 26 28.6 
X 74 0 ?.96 0.40 rs 3.6 4.0 

*It was not possible to diff~rentiute between the retair.ed and wasted sludge for 1983, so 

the estimated values for this year reflect the total quantity. 

3-57 



3.4.6.1 Process Descriptions 

A mass balanced flow diagram of the typical tufted carpet dyeing 
and finishing process appears in Figure 3-6. The individual operations 
are addressed belOW'. 

are: 

Tufting. Yam is tufted through the prima:ry backing, usually 
polypropylene, by the many needles of the tufting machine. 

~· carpet which has not been tufted with pre-dyed yam may be 
pl.ece. dyed or dyed in a kuster dye range (TAK dyed) before the 
secondary backing is awlied. Slightly rrore dye - an estimated 
3 per cent of the weight of the yam as opposed to the usual 
2 per cent - may be used in dyeing due to the generally deeper 
dyeing of carpets. Anti -soil and anti -static agents may be 
applied after the carpet is dyed and before finishing. 

Finish. Latex and a secondary backing such as jute are awlied in 
a continuous operation to lock the tufted yams into the primary 
backing. A rubber foam backing may be applied as an alternative 
to the jute secondary backing. 

Print. Mitter-Stalwart, or Zimner printing machines are used in 
this operation. M::>stly foam backed carpet is printed, however, 
shags and plushes may also be printed. 

Selva~e Triln. Approximately 5 centiffieters or 2 inches of selvage 
is tr.imred fran each edge of the carpet to assure unifonnity of 
width. 

Fluff and Shear. The ~t is beaten to fluff the yams into an 
uprJ.ght posJ.tion. '!he carpet is then sheared to give it a unifonn 
surface. 

3. 4. 6. 2 Waste Stream Descriptions 

In this category the typical plant land-destined waste streams 
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Figure 3-6. CATEGORY F- TYPICAL TUFTED CARPET DYEING AND FINISHING PROCESS 

DYE CONTAINERS 0.13 
DYE (50% DYESTUFF) 30 

CHEMICAL CONTAINERS 0.18 
CHEMICALS 50 

LATEX AND 
SECONDARY BACKING 402 

PRIMARY 
BACKING 
+YARN 
568 

LW 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

RESIDUAL DYESTUFF 0.0007 

WASTES KEY: 

LW - LIQUID WASTE 

\1-
0 

PROCESS WASTE TO LAND 

WATER POLLUTION ABATEMENT 
WASTE TO LAND 

• POTENTIALLY HAZARDOUS WASTE STREAM 
•• SEE TABLE 3-30 FOR SPECIFIC METALS 

LW 

NOTE: AN AVERAGE OF 5.2 KG (DRY), 22,000 KG (WET) SLUDGE IS 
RETAINED CONTAINING 0.41 KG HEA\ Y METALS,•• 
140x10-0 KG TOTAL CHLORINATED ORGANICS, AND 
0.26 KG OF DYESTUFF (NOT INCLUDED IN MASS BALANCE). 

LW 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

RESIDUAL CHEMICALS 0.00075 

LW 

PRETREATMENT 
SCREEN 

RETAINED SLUDGE• 
SEE NOTE 

WASTEWATER 
TREATMENT 

LIQUID 
EFFLUENT 



Waste 

yam and sweeps 
selvage 
flock 
dye containers 
chemical containers 
fiber 

latex sludge 
wasted sludge 
retained sludge* 

Source 

tufting 
selvage trim 
fluff and shear 
dyeing and printing 
dyeing and printing 
wastewater pretreatment 

screen 
wastewater treatment 
wastewater treatirent 
wastewater treatment 

Quantity (kg of waste/ 
kkg of product) 

1.0 
26 
4 
0.13 
0.18 
1.2 (dry) 
2.0 (wet) 
2.3 (dry) 4.9 (wet) 
typically none 
5. 2 kg (dry) 
22, 000 kg (wet) 

* The retained sludge quantity is an accumulation over the life of the 
pond. 

3. 4. 6. 2 .1 Potentially Hazardous or Non-Hazardous Constituents * 

'lhe yam, sweeps, selvage, flock, fiber and latex sludge wastes 
identified in Figure 3-6 are considered non-hazardous. The dye and chemical 
container waste streams are considered potentially hazardous because they 
contain hazardous residual dyestuff and chemicals. The potentially hazardous 
portions of the dye container and chemical oontainer waste streams were 
detennined to be 0. 007 kg;1ckg of product and 0. 00075 kg/kkg of product, 
respectively. 

Sludges retained in the wastewater treatment system also oontain 
hazardous constituents such as heavy netals (zinc), chlorinated organics 
and dyestuff, and therefore, are also considered potentially hazardous. 
'Ihis industry category does not ordinarily waste sludge. 

3.4.6.2.2 Sampling Results 

Table 3-28 lists the results of laboratory analyses perfo:rm:d 
on carposite sludge sanples taken weekly over a period of four weeks 
fran two plants. In every instance where drinking water limits are 
established, metals or organics concentrations exceed these limits. Iron 
acoounted for 64 per cent by weight of the total heavy metals content. 
Analysis perfonred for total chlorinated organics sh~ed 99.6 per cent 
by weight of the total content (26. 2 ppn) was in the solid phase of the 
sludge, with the remainder in the liquid phase. 'Ihe average solid phase 
concentrations of total chlorinated organics and heavy metals exceeded 
the drinking water limits at both plants. The liquid phase ooncentrations 
of chlorinated organics were all belCM drinking water standards. Detailed 
sanpling results may be found in Appendix c. 
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Table 3-28 

Category F Tufted 
Carpet Dyeing & Finishing 

Sludge Analyses 
(mg/kg of dry sludge) 

Drinking Water 
Rans~ (1) Average(2) Parameter Limit* (ppm) 

Arsenic 0.05 <7..;,<12 <10 
Barium 1.0 <70-<120 <95 
Cadmium 0.01 <7-<12 <10 
Chromium 0.05 100-123 112 
Cobalt ** <36-212 124 
Copper 1.0 22-400 211 
Iron 0.3 660-9,750 5,200 
Lead 0.05 <70-150 110 
Manganese 0.05 101-412 256 
Molybdenum ** <145-<250 <198 
Nickel ** <36-<62 <49 

Zinc 5.0 254-3,325 1,790 

T ota I Hea·1x Metols 8,117 

Aluminum ** 1,740-7,120 4,430 
Magnesium 60.0 1 ,580-2,060 1,820 
Potassium ** 1,490-6,540 4,020 
Sodium ** 41 ,000-91,250 66,100 
Strontium ** 29-<38 33 

Total Chlorinated 
Organic~ 0.7 1.03-51.4 26.2 

Suspended So! ids (%) ** 0.016-0.03 0.024 
Total Solids(%) ** 0.08-0.14 0.11 ----
(1) Rans.= of the individual plani· averages 
(2) Grand average of 12 measurements from three plants 
(3) Less than values were considered to be at the maximum in computing totals 
* U.S. Public Health Setvice. Drinking Water Standards. 1962 
** l'!o drinking water standards have been set for these metals 
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An average of 5.2 kg (dry) or 22,000 kg (wet) of sludge is 
retained in the typical direct discharge plant's wastewater treatment 
system, containing 0.41 kg of total heavy rretals, 1.4 x 10-'+ kg of total 
chlorinated organics, and 0.26 kg of dyestuff. 

3.4.6.3 Waste Quantities for 1974, 1977 and 1983 

Waste generation rates (kg of waste/rretric ton of product) identi
fied in Figure 3-6 were applied to production rates to give wastes quanti
ties. Increases in production of 12.5 per cent in 1976 and 10.5 per cent 
in 1977, projected by the Carpet and Rug Institute (1) were applied to all 
current year waste quantities to give 1977 am:mnts. The contractor estirra.ted 
that an average annual increase of 12 per cent would be maintained until 
1980, at which point a dCMntum to 9 per cent would take effect, due to 
the continuing ·demand for smaller housing units and the .inpact of declining 
birth rates affecting the total mmber of households in the 1980 's. 'lhis 
rationale was folla,.red in projecting 1983 container and innocuous wastes. 

Table 3-29 quantifies the total wastes for this category in 1974, 
1977 and 1983. Tables 3-30, 3-31, and 3-32 list dye and cherrdcal con
tainer and potentially hazardous container residual wastes for 1974, 1977 
and 1983, respectively. 

Sludge quanti ties and its potentially hazardous constituents 
arrcunts appear in Tables 3-33, 3-34 and 3-35 for 1974, 1977 and 1983, 
respectively. Because there is little or no change ·anticipated in textile 
wastewater treatnent in 1977, it was considered valid to relate sludge 
quantities to production. Hcwever, it is anticipated that 1983 regulations 
will bring about a change in rrethods of treatment. The best estimate of 
the effects of 1983 legislation was found in the report prepared for the 
Naticnal Ccmni.ssion on water Quality entitled "Textile Industl:y Technology 
and Costs of Wastewater Control" (10) • 'lhe figures for slu::lge generation 
in 1983 were based on the projected figures fran this report. It was not 
possible to differentiate the arrounts of retained and disposed of sludge 
for 1983 so the estimated values for this year reflect the total arrount. 

3. 4. 7 Category G - Yam and Stock Dyeing and Finishing 

'lhe eleven plants visited in this category are located in 
Alabama, Connecticut, Georgia, North Carolina~ South Carolina and 
Tennessee. 'IWo of the plants are integrated, beginning with stock and 
endirig with woven fabric, while three others begin with stock and end with 
yam. The remaining six plants begin with greige yam and end with bleached 
or dyed, finished yam. 'lhe nurrber of enployees at these plants range 
fran 120 to 1, 500 and average 620. Plants usually operate 3 shifts per 
day, 5 to 6 days per week, 50 weeks per year. Excluding the two integrated 
mills, apnual yarn production ranges fran 540 to 13, 000 rretric tons. 



Table 3-29. Category F- Estimated Quantities of Total Waste from 
Tufted Carpet Dyeing ~nd Finishing Operations 
(KKG;YR) 

1974 1977 

Dry Wet Dry Wet 
IV Alabama 31~ 356 394 4'i0 
X Alaska 
IX Arizona 
VI Arkansas • 313 356 394 450 
'IX Cal:i.torn1a 2,824 3£234 3 531 4071 
VIII Colorado 
I Cm'mect1cut 
III DelaVT':Ire 
IV Flor1.da 141 157 182 199 
IV Georqla 14 127 16 707 18 159 21 428 
IX Hal.,all. . 
X Idaho 
v IlllnOlS 
v Inch ana 141 157 182 199 
VII Iowa 
VII Kansas 
IV Kentucky 313 35(, -~9.4 ~0 
VI Lou 1s HJ.Da 
I Ma1ne 
III Haryland 
I Massachusetts 313 356 394 450 
v Michigan 141 157 182 199 
v M1nncsota 
IV M1SSTSS1on1 
VII M1.ssour1 
VIII Hontana 
VII Ncl>raska 
IX Nev<~da 

I New H2noshlre 
II Ne1" Jersey 141 157 182 199 
VI New :lexico 
II New York 454 512 565 637 
IV North Carol1na 938 1.046 1211 1 359 
VIII North D<'.kota 
v Ohio 141 157 182 199 
VI Oklahoma 313 3.56 394 4'i0 
X Oregon 
III Pennsvlvanl.a 767 868 959 1,048 
I Rhode Island 
IV South Carollna 938 1 046 1211 1 359 
VIII south Dakota 
IV Tennessee 626 711 787 888 
VI Texas 313 356 394 450 
VIII Utah 141 157 182 199 
I Vermon~ 

III Vl.r(J111H1. 141 157 182 199 
X Nash1nqton 
III Nest V1rq1n1a 
--=-V \"ilSCOnSlll 

VIII \~VOJTIU!S!__ 
TOTAL 23 539 27£359 30 061 34.344 

Region I 313 356 394 450 
II _595 669' 747 -836 
III 908 1 025 1 141 1 247 I 

--iv 17 396 2() 379 22.338 25 594 
v 423 471 54R 597 
VI 'IJ'-1 1,06!-3 1 182 1 350 
VII 
VIli 141 159. 182 199 
IX ___k~24 
X 

3,234 3 531 ~071 
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1983 

Drv Wet 
91? 1.570 

912 1 570 
8 155 13 955 

404 667 
40 790 70 290 

404 667 

912 1 570 

912 1 570 
404 667 

404 667 

1 289 2.229 
2 679 4.559 

404 667 
912 1.570 

2 614 3.708 

2 679 4 559 

1 793 3 133 
912 1 570 
404 667 

404 667 

6Z 849 116.522-

912 1,570 
1 693 ~-6-
2 568 4 375• 

50 169 86.348 
1,212 2,001 
2 736 4 710 

404 667 
8 155 13 955 



Table 3-30. Category F -Quantities of Potentially Hazardous Dye and 
Chemical Container Wastes from Tufted Carpet Dyeing and 
Finishing Operations, i?7~ ~k'Kl7/YR) D•,- Wcisht* 

Dye 
Hazordavs 
Residual 

Hazardous 
Chemiool Residual 

Total Potentially Total 
Hazardous Hazardous 

=.---.:-'1"":""1r::--.-::----.,..__:C,_,o~n"::~o=.:ic:.;":::.er'----t'- Dyestuff Container Chemic.Qis,_,_.:..W:..:a~s~te~:----,-....:..r..w:nn~<tit.~·,~=" .. ~..., 
~-~~22:~-t--·-......... r.2.__ __ ~ ___ Q..006.. .. --+-- __ ...... 1"7.~---+--........ on""-oJ.£·7_-_· -+--2"".<lo!.su.L>I3~..-_+--"'o~.o!.!r.>!3_-l 
X Ala~Y.;~l-------~-------··-~·---------~'----------~-------~---------+-------~ 
rx--xr-.r-zr:;"" --t-··-...-n-----·1--.,...,>~IT---4f----,rz-----t-IJ.U07.-_,r--;o;n~--+---,...,..,r...---l v1---;;rl:<tn~:;::;- 1.2 0.006 ...!~ 2.813 o.oT3' 
-~-,'-';;Trr0rnJ.a -·--'-1>£0 ____ -+-~0 os_.z__ ___ . .....!:14:L-__ 4_~o~Lo·~06~1-·-+-"""" 24:....1u11"'-B--t---J.l(O.a.J.lu11.5L...R_-1 VlTrc·r>loi.:cJ0""-- -·-- ---
i----cann"C-ctTcuC-- -------l-------t-------t-------t--------t--------1 
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I Verman:::- · ---f----7r'fl'r--+-""l'rm"l''r""-if---..,....,'I"T.l---+---......,.,.,...---l iT!Vlitjil~1-a----+---:0,...-:"52:-----+--c0"'"'0"'03,..- 0.72 O.UUJ 1.246 U.006 
x--w,l!:~11ir:-;7't'-·o-,-, _......,!---''-'' • . • . 

r:rr·,·~e[;Tv-irm:nra-li--------+---------+--------+-------t---------1---------l ~- -,TG"co·;;u-r};---
~=!rJ~olll~~~,--·-----~-------------+---~~~-----~----~-~~--+---~~~----1---,--~~~--+----~~~--~ T __ O'l_·:.L _________ + __ az...H. __ =o:.41.9.~--l------11.a.21u.,.!!941--_l-~0_,51~ 210 673 Q.993 --

Re~'iQI.!_I ___ ~---- _L2 Q..._OQ9 1.6 ~ 2.813 0.013 
----:-I!__ ".22 O.Ol.f.. ____ l----~'_!?t--- ~Ol!i 5 265 0.(12•~-

Il r . .3A~--- _.Q.,QJ.§---I--4.Z....----- _g.::mr--~~ 17Z ;..-t---·Q:.Q.3~-
_-__ rv __ "'5.22 __ 1 ___ 0.3,>6 YV,H • __}Q{l 877 0,737 ·----- _ ___,..,_, ____ ..--;- 9 ~710 . ..!!.~~0'1-

___:!..v·i----. 1.56 o .. oo0_1_8 ___ 1----4 : 8----1--lf~l . 3 738 o.o1s 
---.......,:,~------ _,__a_&_ ____ __Q____ 8.439 OJJJ'T 

VU 
--vYl'"r-·----- Q."2 o.ooJ o.n -~_<JQ:r- .z4~ o.oo,/-
--·--------- - -"'-----1---- ------r---14--- -r-··tf.·OOJ---t--....;2-::;.4.~1~18,...-.-+--o.lls -· -----·¥'-- . 10 9..:...057 1---------t----=c.=...:.:::.--1--~:.:..!.-'~-..J 

• Dry Weight::; Wet Weight 
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Table 3-31. Category F- Quantities of Potentially Hazardous Dye and 
Chemi"cal Container Wastes from Tufted Carpet Dyeing and 
Finis~ing Operations, 1977 (KKG/YR) Dry Weight* 

Hazardous Hazardous Total Potentially Total 
Dye Residual Chemical Residual Hazardous Hazardous 

-·---.,.....;C:=:o7!n!!,to~i'-'.!n-"'erc___:':,--""D"ycstuff Cantai ner Chem!_£,,_a,_ls --.-:Waste Canst ituenl< 
IV hfiibiiin.~il:__ __ -1-_lJ... . .>L-5 ___ -1--~ O.ll.}li. 007~'>--+-·-.._2 ,_,0,__ ___ --11-Q...O.Q® • 3.'i 163 1 ,;• 
x----;:liasFii . _ 
IY. Ar.lio~n~a~--~-~-------b-~~~--+---~~~---~~~~~-~--~~~---4--~~~---1 Vf 1\rkan~:::::."::". ~--+--11L..··5;L.... __ --II-~-nri~7ii,___-+-~-?:-o~---+~o88 3.5163 0.016;!._ 
·xx Cal~J0rn~l~a---~~-113~-------~-~o~.~OZu2~----·~_]i___-----+~ID~.~O\U7'L:7· ___ -+---3~1~·~14~9:__ __ ~--~0~.~14~9~--~ 
VIII c()ior~~.~o~~~b----------~-----------+-----------~---------~----------1---------i 
y--c"Onil·o·c-;:2:~!:c~u~t--+---------__jf---------+---------~f-------~------------t---------i 
!II Dcbl-lil-rc 
~Tomi . .:.a.:::._ __ ~--~!;::...,..,..o~-.6=-s-----,l-_:o--=-o=-=m::.-::-la--_-_t-_-:_--~o~.9~o~====-=-1-=.~o~o~~o~3;;8,_::-_::-_::-::j::::.-:J:"1.3;s>f:s7a6c.::-::---!--¥o~o!.!!rr,£2..7,.,_-l 
IV ~?~~~a~--~~6~6--------r-~()u~3~~~_29~3__: ______ +-~0~3~9~----4--~115~'9~.LL75 ____ t-~0~7~5---~ 
~Ha~lil1J. 
X Iduho 

v----rilin~o~l~s----~--~------4-~~~--~--~~-----4-~~~---1---.~~---t--nnn-;.~--i 
V:..,=_;;In:::<:.::iT::.:ao·~:1;:.:a'------+-....Q.65 n nmR 0.90 O.Oo:JR 1.5576 0.0076 
VII Im1a 

VII J'an~a~s~~----~~~~------~~~~-----+---~-.------~~~~-----~~~~----4----nrrrz~__, 
rv Kenlu~c~k~y----+-~1~.5L_ ____ ~--~o~.0~0!7~~~r.----4---~2~.o~-----4-~o.O~OO~B£-8 ___ +--~3~ .. 5~11~6~J---+--~~1!~6~J__, 
vr---l~islan,~"-----~-----------~------------f-------------4----------4------------+----------~ 
r----Raine~~-----~------------~----------+-------------~---------+----------~r------------IIl HarvliJnd 
I Has Siic·l;·.:::u:..,s-.,""t7t-=-s-l--1.-.""5,------11-1l...,.-."'oo""'7"'5----t--.,.-,z • ..----·--1h-o" .. 0088 J.:> 1 bJ \J .Dl63 
v ____ .t!_~chicar, o.6S 0 nn"'IR 0.90 0 0038 1.5576 0 0076 
V }ll.nn'-'sotn 

lV }li!:[>l.S7.S:1'1:;;.D.:_:P.:_l_+--·-------f----------t---------f>----------.J---------+---------i 
v~~I~I~M~ls~·s~·o~u~r.~l'----~-·-----------~----------4-------------~---------·--~---------+----------i VIll Hont.:.::-:: 
VII Nebraska 

IX ·Nevada ------1----------+-----------1 I New H:::;;._rr._n._sl'""u~r-e~--------+--------+------------1--

!.!--~~;~.:~. o ,;~ o omR . o.9o o.omR 1.5576 0.0076 VI New ;-Jo:l.co 
I I tJeH Yo.:;~·;:.k~-+---:2-::-• ...-1---1>-\.,.."0".1>,.--+---..-z • ....-9---ho..-..... Oll ... 1J.-----+-..,. 5>-. •• o J<><T24--+-~oi . ..,.,..024r----j 
IV tlol·th Car.o_~_Ln<• 4.4 0 024 6.1 0.025 10.549 0.049 
VIYr-Nori~~D~kot~ -+--~~------~~~~--1---~~-----+-~~~w----f--r~~---+--.~~--
v Ohio ~·--·~-~0-~65 __ -4_*0~.0~0~3~8~·---+-~~-~9~---4-~0.0~008~--4--~1.5~5~7~6~--+-~0~,~~0:7~6 ___ -~-
VI ok1~a~l1o~n~ .. ~~----~~-~5------~~~~~7~~---~--~2~0~-----4~o~.o~oo~a----~-~3.5~1~6~3----+-~o~.0~1~6~3--~ 
x Oreqon 
III Pcnn~~~-v~l~v~1t~!1~~~a--~~3~.~6------~~o~o~19~----+---~5~.o~------~o~.~o~2~o----~--~s~.6~~~----4---~o~JY~3~9~~ 
i-Rhoclc :rslC~nd 
~v ~uth carop~.n~~.·+. --~4 .. 4~-----+--~o~0~2~4-----4---76~.1r------4~o~.o~2~5-----~--~1~0~.5~4~9----+--.-o~:.~4~19'----~ 
VIII South Dakotn 
~rei1ii'"=c~s::=s-::e~c-:::..:::::.....+--:,~_--=-9----4--..Jl...-=-.~ Oll~J,f>~==:::t:::;4J. o~======~t=~~::-::0""18::-----.__,6,-;.9""3'="l4----l---""'CO:'"'.o'":'ln--4---1 
VI 'l'P.x<H~ f-_J_s._ o m7'> ? o o.ooae._ 3.5163 o 0163 
VirTuF<\11·------ o.65 o. OOO.lL---+-.JL..: nol:ll._n __ 4 _.1l..J.o .. o!ll>l.!oos~--t=:~Ji;.s!t5)17Z:6::::t--'!-o"".o~o!<J76o!...-~ 
y----~Kmt --~~~~~ 
~~q)n~1~a------+----o.6~5----~~Ao•.o~Q3~:a~----~-,J!~.~~o_------+-~u .. umuUJ~~----+---~1.,.,5~57~6~---+--~o~.~oo~7~6---~ 

x 1-lasl~~:..';!l~::-il---------t----------t----------+--------l._---------+----------1 
III Nest \" n·<1.c:1:.:.:n·..:1.::1\-+---------ll---------+------------+--------+---------+---------l v lvir;con,i"fi1 
yjii Wyoii~~~~~"'~~~---i------------t------------··-------------i----------~----------+----------~ 
~T0~1~'A~L~----------~~l~M~95 __ --4~9Z6 --~~~5:3~.~4-----~·--0~.~6~47~4----r-~26~4~.5~9~5--~--~~~.2~45--~ 

Reqion I 1 ~ n 007.5._ _ ___2.!L__ O~OOSB 3.5163 0.0163 
__ _y_ 2 75 -0...0.1!18. _3_._8_ 0. O.l_(0>~8'---t--~65~Sl-!lll6?-,---l----~O.~O:lJQ__ J~~----1--4.~5.._ ___Q,._OUR 5._9 o o~~s 10.1966 o.04{6 
----~1-iv .BJ-3.L_ -- 0.:4..4.28 IJA .. L--H····4794 196.3727 0.922~-
-----f:v.,.. ______ L..a __ ~~!JA. __ ?...] O.OJ14 4.67?8 o.o22s __ 
- ~~l -- ---A~j ___ .. __ Q-92~---f---~..9 0.0264 1 5189 0.0489 

---vi 11 --::-~;~:;;-----+~~~-:---+---:,.-:::-::~-....j 
---.,;,. :·: ··---- Q 65 _!l..Oi.>38 _Q •. 'io u~.9Q38 1.5576 0.0076 

~x -- 13 . ...OJ.OZ2. _jf,! ___ ....Q.._077 3 49 0.149 

------~~ --------~·--·------+-----------L---------~ 
• Dry Weight: Wet Weight 
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IV /1lab.:una 
-X--1\"f<l:~-; 
IX 1\rizona 
~lll:Y.an:;as. 
~cillTt<ii=OJ.a 
VIII Color;.do 
-I--coi);1t.,C:tTC:u t 
III IJcl:.aH:~rc 
Yv--Fl:Gi:1da 
!L_C!_cor3;1_; i1 

IX llavml.J. 
X Idaho 
v llllnOis 
v--indJ.nna 
vrr--:1oviCI 
Vir--Rati~s d 5 

~c:ntucJ.:y 
VI J.ouJ.:ilctna 
-I --MaTi·:e 
.!.!.! ... ."1\<o ry l<u1a 
I M~H~achusntts 
v----T-ii ciiTc!:.., n 
v-t.l>.nnc~ota 
w---;:;r;;s~l 
vrY-nr~· 
V Ill !• iOilt:"im u 
.VII l~cbrr:t~kc1 
IX Nr::vadtt. 
I NC\1 -JIOJ"'lD:::i J.re 
II Nc\·.1 ,jer~cy 
V:r-NeiTM"c),Tco 
II Ne·.· Ycrl; 
IV llorth Cnro ... .i.lla 
VfT[N(>rth bill;~-
v---o1ilo 
;;;r---ol:lai•om.l 
X - Orr•9.or, 
III Pennsvlv2rl.a 
-----~ I nh(')cte Island 
Yv-sm.,r:fi cD.:_.c,-:ll.lH\ 
VIII soiitl1Ii~'kota 
IV 'J.'ennesscc 
vr---TC:'<a" 
VIII Ut.1h 
i Vn~:r:1ont 
III Vl rqfina 
x----w7t:<iTi"Ii1cihn --
lll '~'"'t \1 (j·0T rna 
---wrr;'C:or;srr; v 
~} ~~~~jnq 
TO'J'IIL 

!k9.:L~..!!...l-
li 

---iY:r 
IV . ·v-------

-v--r------
---irrr VIII ____ 

ric------___ )( _______ 
-·-~ 

Table 3-32. Category F- Quantities of Potentially Hazardous Dye and 
Chemical Con to iner Wastes from Tufted Carpet Dyeing and 
Finishing Operations, 1983 (KKG/YR) Dry Weight* 

Dye 
Container • 

Hazardous 
Residual 

ff Dyestu 
Chemical 
c t • on a•ner 

2.7 O...Q.!L__ 1- 3.6 

2.7 0.014 3..6 
....23 11 32 

-lzf- 0 0068 1 6 
0.66 1io 

1.2 0.006R L.6. 

2Z 0.014 _3...6. 

_LZ_ __Q.OI4 3.6 
1.2 o·_oo68 ~...6. 

-

1.2 0.0068 1 6 

-.3....2. 0 0::11 ...5.2-. 
R 0 0 O.o!.1 11 

.2 0.0066 .6 
0.014 ~ 

6..6 .034 9~ 1 

_aLu 0.043 II 

-~.? 0.030 J.....J. 
..2.L_ 0.014 3.6 
I 2 Q,QQQB 1.6 

-1.2 (~ 1&. 

·-

19.2_.~ 1.0926 278..._4 _____ 

2.7 O.JllA 3.6 ·-· ..5.....L._ ___ _Q...QVJL__ 6 . .a 
~ .• R .Q.JMW.._ ___ IQ.Z 
~41~ B.. !Lal.Cl&. ?nB-1__. 
1-.3,6 -r-.Q...9I0_4 ___ r--·!..8 ______ 

: 8...J ____ r-0..042_ __ _ 10 a _ 
_...J. 2 - =Q..Qc.<& Jt-- -==-~ _n _____ Q,Q ___ 

-----

-

-

Hazardous 
Residual 
Ch I em~ ca s 

0.016 

0.016 
0 14 

0.0066 
0.71 

0.0068 

0.016 

0 lt. 
0.0068 

0.0068 

0 0?1 
ll.J!46 

0 QQ68 
0.016 

036 

0.046 

0.032 
0 016 
0 0068 

0 0068 

1.1766 

.0...016 
1-----0...0291! 

0.0428 
0 R7?R 
0.0204 
0.046 

r---§:0~68 

Total Potentially Total 
Hazardous Hazardous 
w t c as e onslttuents 

6.33 .!JC 

--
6 33 0.03( 
55_.2L 0.27 

2~ U.UJ36 
_2tl.3Z .37 

2.61..36. 0 0136 

6.33 0.030 

_h~ 010 
~ 0.0136 

.2.8136 0.0136 

0.1A4 0.044 
.19 QB9 0 089 

28~ 0. U36 
6.33 .03( 

15.77~ U.U/, 

IY,~ O.VCIY 

_12.562 ·,062 
6 33 O,UJC 
2.Rl.M .Ol:V. 

_2~6136 0 0136 

479.9692 . 2,2692 

6.33 0,030 
11.9..SZ.fi_ 0 0576 
16.51136 0.0836 

_35 7 .51i3Q. 1.6836 
8 4408 0!~~ 
18 99 -:o:lm----

.2.8131. 0.0136 
•;.~_?7 .27 

• Dry Weight • Wet Weight 
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Table 3-33. Category F- Tufted Carpel Dyeing and Finishing Wastewater Treatment Sludges, 1974 

RETAINED SLUDGES (KKG) * 
(NO WASTED SLUDGES) 

Total Total Chlor- Total 
Total Dry Total Wet Heavy Metals inated Organics Dy;stuff 

3
h Hazardous Constituents 

(x 1cr3i (x 1()6) (x ~-~---~ ~lx~lO"'~-~--t-11."-'..JC 1Hu.....:..,f"C6\1----------4 
IV l\lnb.;::.u!':l:l:::.il ___ +--•3.._..-><-O_t--'-13__ 24 ~7u_9 ___ t--'o........,.l'..L....;_~I--"-'I 7""4'------ ------+ 
x l\lns~Y.~n~------r----~--------+----------+----------~----------~---------------------+ 'fX-A!Tzonn 
VI Arl'.an;.:;":.:.:'-':.:::s..,.-::' ____ r-__.3,_. . ..1L...o __ i-...,ll:l..._ ____ +--11:~4__. __ 41-___,74f.;9c-----+----';nl-'~11"-·"----l---~'"'f=---------------t IX cniTI:orng ?7 ...J 10 ~10 . . 710 -r---.:.1.:.:.4:!..... ___ +----JJ.UI61..1L...O ______________ ~ 

~Colorndo·~~~--------~-------+----------+----------~1-----------+----------------------i 
_Y-ccinncctTcut __ ---------t------+--------~-------------t----------+-------------------t lll Dela1·mrc 
lV Flonun J. 4 5.6 11 37 --1--~0~. 0~7---t---~RI~l _______ 4 
yy---Geor<J1il'------t--~13~18 __ -t~5~8~0~--;-~l.:.l~00~----~---~36~0~0~---4--~6~.~9~----t---~R~000~--------------4 n;:-liaWcilT 
;r-- Idaho 
V Illin~o~1~s~------4---y-r--4~~----~-rr------+--,r.r------l---~~----+---~~----------------4 
V~=~I~n~-0T~1:::.an~a~----1 __ J~ .. ·~·4~-r~5~·~6----+-~l~l-----~---3~:7~----4---~0~.~07~---+---~8i~l--------------~ 
VII lowa 
VII Kans11s xv- Kent u c l·::c. y::------t---;3:;-;::----t--;-;;-1 3-----t--;2:-;-4------+----::,:::-9-----4---::-o. 1:-=-5---t---J:;-:17:-;-4--------------+ 

VI Lou1~1-~a~-~-------+---·---+--------+---------+---------+----------------+ y--~iiiTri'C"-

Y!I~~SL~~~d~~·~4---~--_,_,~----1-~.------+--·~~-----4~--~ ... -----4---~~----------------t 
I Massa7.c~h~1l~S~P~t~t~s-t--~3~·~0---+~13~----+-~2~4------~--~79~-----+--~0~.~1~5~----r--~1~7~4 ________________ 4 vr--:MiCfilq~~n~----t---u·~A--t-~~.6L----f~lu_l ______ ~--~37 ______ +----n~nu_7 ____ t-__ JB~II~---------------f V Minnesota 
IV N1fH.•lS'il."-'LP::.<1P:.:1:___,r-------1-""7""-----"l-------1-------+-----------i------------------t 
vrr--v.-fSfiOUr~~·---_,r--------r------~1---------+-·----------+------------l-----------------------t 
VIII Hontana 
VII Neb:::a~ka _____ t--------t-------t-------+-------+------~1----------------t 
IX NeVi\d.:l 

!!---!1~~~ J~:~£Y.~--+---Iu·~4~-t-5~.6~---f~lu1 ______ +--~3L7 ______ ~--~o~.0~7~---+--~R~11L-______________ -f 
VI New Ne::il~C~O----i-~TA---t~o-----i-~~----+---,~-----~----~~----+---~~---------------; 
~ew-Yerk ---~4f.4t---~~~sr-----t-~35*-____ -4---~~2~o~--~~--~o~.~2~2----~--~25~s--------------4 
IV North Caro-t~ 9.1 38 72 240 0.46 532 
\Ti'"fllfort:llrJ..-iJ:Ot:::.:.a~-~---_ -_.:..T ,_-; ,_r -_:-_-i-t-..:.7. '-=~ -r: -----_ -_ -,rr -_ '"'~r--_ -------_ -_ +~ -_ ----...:...,. !::r-, '!:::,... ~--_ ------4+ -------_ ..J:..,. !..:' .:!'. .. ,,':!.,... -------.... --1-+ -_ ------""'-;::~-:-... _ ---_ -------_:-_-_ ---_ -_-_-_-_----t-f 
V Ohio 1.4 5.6 II J/ 0.07 81 
vi Oklah~o~m~a=------t-~3~.~~~13~----4-~2~A-----~--~7~9----~--~0~.~15L-__ -+---~'~~~L--------------·4 x oregon 
JII Pennz:-:-:v~J.7:v~a£n:[iJa;: • .'~:::::...77.:..:.'4;:::~:J3::.:.lr_-_-_-_-_-_,t---''5Jj9[::::::t:::_'b1""'9:..!:~(0C::::t::::J:o.!.:·~3;7!_ __ --f--.A:i:."'oL ______ --_-___ ~ 
y---lUioi:re' .. fil and 
yq---south c~ro1~in~a~~::n~~--~~31~1B----·+-~,~,-----+--~2~'•4~o--~~--~o~ .. ~46----+----s~32::---------------4 
~south o~n~l~~o~t~·a~~--~~~~.-----+-~~-----t·---.~----~----~~-----t---~~--------------~ 
w-'l'~nncss<'e ..A .1 ..25 48 160 :.3~0~----+--~3l48::"!----------t 
vr--Tc~x~.c~~s--·--·--~--~3 .. 0~--+~1~3--~r42~4. ____ 4----~ --+----0~,~~---r---~'11;~4 _____________ ~ 
vm-(itah .4 5L6_ 11 ,J/ 0:07 Bl 
I v~rmont~-~-----t---;-;;--t~~----;-~,------r---.~----~----~ft. m--vTreiTnia 1.4 5.6 1 37 o.or---1t-----na•1--------------t 
x-- Nashi~~~~~1--------;---------r---------t-----------l-------------+----------------------~ 
Ill Nent V1r•n~ll~1~1a~t--------1---------+----------1-----------4------------rl~---------------------4 v wlscono1ill 

vrrx w\~~g _______ ---~~~+-~~ ·~·--t-IAI'7-----r---y~.---+-----Tr~--~~--~~~-------------------4 ~~ 228.9 _9~5~7~.2~~~--1~8~17~---t--~5~99~~~~~---~11~.~5-~----'~3.3~11u_7 _______ ~ 

!t.£.gj!'n I 3.0 13 24---+-~7~9---4- 0 ~:-----11--:---J~74 ______ _. 
u=-----+--,s....e_ _2J...L__ .-46 !~. o.29 33~ ---nx e~lt- -~~..L__._ZQ 227 --+·---~o.~«~r--+--~s1o ·-------

--_,~v __ ·-!6~-L -H-~a6 1~51 +~5 __ .!!.·~- 9RA 
----:;;r---· 9.o 39 __ _jt--_ 7.37 8:tA ~-------
--v-xr 
-----~~x-------+--~.~~.4~-4-~ ~---~rr------r--~~---4---~o~.o=-7 ----t----~--------------4 
-----jx --:_-__ , __ ~27 __ ,_]~1-l:~o· __ ---~--~2~ioL-----r--~fu1~o _______ ~~~-4~---+---~-~w•I~I~·0-_-_-_-__ -_-_--_-_-_~-~4 

• Soo Table 3-8 far deflnltlonof retained and wasted sludge. 
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Table 3-34. Category F- Tufted Carpet Dyeing and Finishing Wastewater Treotrrent Sludges, 1977 

RETAINED SLUDGES (KKG)* 
(NO WASTED SLUDGES) 

Total Total Chlor- Total 

Total Dry Total Wet Heavy Metals inated Organics Dyestuff Hazardoug Constituents 
{x_ ur3l (x_ Lo-6\ (x 1()"9) ~~ w-Jl (x 10"" ) 

IV 1\lab;,ma 3.8 16 30 99 0.19 a~ 

X 1\ la ~;Y. it 
Ix""Ar-Eon~---
~l\rl:ili:~~ 3!;L 16 30 99 0.19 220 
~ilnt:Orn 1 a 34 140 260 goo 1.8 2060 
VIJ.Icc:ii.or;,do 
-x---c:onn~]cHcut 

III llul~i\.:;iln, 
w--1-"lorw<l l.R :Lo 14 46 0.088 O:l 
IV Gc>or<Jlu 170 no ___l!QQ 4500 R.6 10.000 
ix-HtiWc!{ 1 

x--Tciai7io--
v----fill.nol.s 
v---rnd1an<" 1.8 7.0 14 46 U,Ullt! 102 
VlTiow.:t 
V!I""K,,n sa s 
w-K"cntiicl;y 3.8 16 30 99 0.19 220 
vI Lotd ~oiTana 
-I--tfriTnc 
.!.! .. !_JI<;ryia.~ld .. 
I Mass~ch~setts :LR "' 30 99 0.19 22C 
V-- MJ.chiuun. I.R 7_0 14 46 0 088 02 
v---1-B:nnc;;.(;tu 
IV l·l7ss~~-'}P.p1. 
VII 1-hsso,~rl. 
VIII 1'-lontu.na-
VII!;ebrasr:a 
IX Nc\lac1<t 
I Nm~ HamQsfiJ.re 

.. 

i!Ncw Jersey 1.8 7 0 14 46 ,Utlt! 102 
vr-tTc~lr::x.i.co 
II Nc1~ York 'i .. 'i 22 " 150 0.28 324 --
w-NorHi""c~~-olin.-, 11 48 90 300 0.58 A.70 
VIII North 'ba!:ota v Ohio 1.8 7.0 - 14 46 y.Ut!t! 102 --
Vl ol<ralioi~ia :l.R 16 30 99 0.19 220 x---or-eaon 

' III Pem;_~~5m1a 9:.J_ ~ 74 240 U,46 534 
I Hhode Jsla1~ 
IV South 'CitrolJ.nr. ~11 !IB 90 300 0.58 ......Jil.O 
VYix-suutfiriilloOt.a· ·-
"Iv 'l'cnnesse£" 7.6 31 60 200 0.38 .un 
VI 'fexas 3.8 16 30 99 0.19 22Q_ ____ 
VIII Utah- I R 7 n I. 46 0.088 02 
I Vermont 
~VJ.rqlllli'l. 
x-----wilslunqi:on 

1.8 7.0 14 46 _U.U!ll:l 102 

rn---wcst-vfr<il. n1.a 
V- N~scon'Sia 
IJiTI\iVOiiiir\{1 
TOTAL ""283.8 l:lUJ "£_!.'15> /4YO 14.4JO 16732 

Regi<;?!l r _ _a.8 16 30 99 0.19 220 ... ... 
II ..:Z:l 29 .58.. 196 0..~28 t!?l-. ___ _I.!} ____ .l.l...L_ A6._ RR 2J!6 0,548 636 
IV ....J.m...... ___ .Jl.9.6 _.1Z...L4._ !!S4A 10.600 _12.322 

- v _ _5L4_ 21 4_7 ___ 138 _Q...1or-
~~-------vr _____ 

. ....ll.A !IB ___ _..2.0....... -2.97 0.57 
vrr -vDr .... J.R 7 . r-...IA ~<>----- 0.088 ___ --..10? 
IX .....34.. JAO. ...2.9 .. 0 _890 1.8 .---2QQQ... x-·------ --

* See Ta!Jie 3-8 for definition of retained and wasted sludge. 



IV 
X 
IX 
VI 
IX 
VIII 
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IV 
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IX 
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v 
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IV 
VI 
I 
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v 
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VII 
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VI 
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IV 
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I 
III 
X 
III v 

Table 3-35. Category F- Quantities of Potentially Hazardous Wastewater 
Treatment Sludges From Tufted Carpet pyeing and Finishing 
Operations,* 1983 (KI<'G/YR) 

Total Pot~ntial Total Total Total 
Hazardous Wastes Heavy Chlorinated Hazardous 

Dry Wet Metnls Orgoni~s Dyestuff Constituents 
(x 10~ (x lo- ) 

Alabama T9i 0.784 1.6 5 1 9.R 11.4 
Alaska 
Arizona 
Arkansas I9A • 0 784 1.6 5.1 9.8 11.4 
Cal~forn~a A.R ~~ AA -ss 98 
Colorado 
Connect~cut 

Dela\varc 
Flon.da R1 0.324 0.64 2.1 4.0 4.64 
Gcorq1a 34 67 220 420 487 
I!awa11 . 
Idaho 
IlllnOlS 
Ind1ana R1 0.324 0 64 2.1 4.0 4.64 
Iovla 
Kansas 
J<entucky lQA 0 784 1.6 5.1 9.8 ·n.4 
LOU1S1ana 
Ma1nc 
Marvland 
Massachusetts lQf, JL'784 1.6 I 5 1 9.8 11.4 
Mich1gan af _0 324 0.64 2.1 4.0 4.64 
M1nnesota 
M1SS1SS1p01 
M1ssour1 
Montana 
Nebraska 
Nevada I 
Nc\'1 1Jamosh1re 
Ne\.,r J·ersey Rl 0.324 0 64 2.1 4.0 4.64 
New ~1ex~co 
Ne\'1 Yorl< ?Rn 1.12 2.2 7 3 14 16.2 
North ca:rol1na ~(.,() 2.24 4 4 15 28 32.4 
North Dakota 
Ohio Rl _0_._324_ 0 64 2.1 4.0 4.40 
Oklahoma 1o.i.- 0. 784 1.6 5.1 9.8 H.4 
Ore2:on 
Pennsylvania 4Ml 1 792 3.5 12 22 "25--:-5 
Rhode Island 
South carol1na t;/..0 ?.?A 4.4 15 28 32.4 
South Dakota 
Tennessee ~ 1 .52 3 0 10 19 -22 
Texas 1ol. O.Z84 1 6 5.1 9.8 11.4 
Utah IH n.~?A 0.64 2.1 4 0 4.64 
Vermont 
V1rq1111a R1 0.324 0.64 2 1 4.0 4.64 
l'lash1noton 
Nest Vircan1a 
N1sconsJ.n I 

VIII wvom1no 
TOTAL 1.4 171 !'if..f.B4 111.58 368.6 ·702.8 8T4~ 

Reqion I 19/, 0 .. 784 1 .6 5 1 9.8 11.4 
II -~--;;:, 1 .444 2.84 9.4 18 20.84 
III '-?o ? Hi 4 14 14.1 26 30.1 
IV 1n An _A_l_ RQ'L 01) J.J. 1)71) ~ t;lR /.. /..0 1 ?.4-
v ?.d.~ 0.972 1.92 6.3 12 13.9 
VI .'\RR 2.352 4.8 15 3 29.4 34.2 
VII 
VIII Rl 0.324 0.64 2 1 4.0 4.64 
IX 1 7nn l>.R 1~ 44 85 98 
X 

*It was not possible to differentiate between the retained and wasted sludge For 1983, so 
the estimated values for this year reflect the total quantity. 
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3.4.7.1 Process Description 

A mass balanced flow diagram of the typical yarn and stock 
dyeing and finishing process is shCMn in Figure 3-7. '!he individual 
operations are addressed below. 

Waste 

yam 
yarn 

M:!rcerize. This operation is perfonred on cotton yarn by only a 
few plants. '!he yarn is treated by a caustic bath to swell the 
cotton fiber. '!his inparts increased dye affinity, greater 
tensile strength, and luster to the yam. 

Bleach. If the yarn is to remain white or to be dyed a very light 
shade, it nay be bleached to renove its natural yellowish color. 

~· Stock is dyed in becks, as is yarn. Yarn is usually package 
dyed, skein dyed, or beam dyed. 

~- 'Ihe dyed stock, which has natted into a cake in the dyeing 
operation, is broken up and oven dried. After drying, it may be 
blown into a bin and await yarn preparation (as discussed in 
Section 3.4.3.~, Greige Gocxis Process Description) or it may be 
baled and sold or stored. Yarn nay be oven dried or dried in the 
beck in which it was dyed. 

Finish or Slash. Yam may be finished with a lubricant prior to 
knitting or sewing, or beamed and then slashed with carpounds such 
as carl:>oxyrrethyl cellulose (eM:) , polyvinyl alcdlol (PVA) , and 
starch prior to weaving, or nay bypass this step entirely. 

Beam, Quill, Wind, etc. 'lhese operations are m:!Chanical handling 
operations mtended to ready the yarn for the lcx:m or knitting 
machine. 

3. 4. 7. 2 Waste Stream Description 

'lhe land-destined waste streams fran a typical plant in this 
category are: 

Source 

bleaching/dyeing 
beaming/quilling/ 

Quantity, (kg of waste/ 
kkg of product) 

0.7 
5.4 

dye containers 
chemical containers 
fiber 

winding, etc. 
dyeing 
dyeing and finishing 
wastewater pretreatm:mt 

0.87 
2.2 
9.0 (dry) 

screen 
wasted sludge 
retained sludge* 

wastewater trea'bnent 
wastewater treatment 

33 (wet) 
typically none 
2.9 kg (dty) 
20,000 kg {wet) 

* 'Ihe retained sludge quantity is an accumulation over the life of 
the pond. 
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Figure 3-7. CATEGORY G- TYPICAL YARN AND STOCK DYEING AND FINISHING PROCESS 

STOCK 
1,000 

YARN 
966 

MERCERIZE 

CAUSTIC 
RECOVERY 

LW 

DYE CONTAINERS 0.87 
DYE (50% DYESTUFF) 20 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

RESIDUAL DYESTUFF 0.002 

LW 
WASTES KEY: 

LW -LIQUID WASTE v PROCESS WASTE TO LAND 

0 WATER POLLUTION ABATEMENT WASTE TO LAND 

• -POTENTIALLY HAZARDOUS WASTE STREAM 
• -SEE TABLES 3-38 FOR SPECIFIC METALS 

NOTE AN AVERAGE OF 2.9 KG (DRY), 20,000 KG (WET) SLUDGE IS RETAINED 
: CONTAINING 0.01 KG HEAVY METALS.** 120x10-6 KG TOTAL CHLORINATED 

ORGANICS, AND 0.14 KG OF DYESTUFF (NOT INCLUDED IN MASS BALANCE). 

CHEMICAL CONTAINERS 2.2 
CHEMICALS 50 

FINISHED YARN TO 
WEAVING OR 
KNITTING 1,000 

DYED STOCK TO 
-----~-----------------~YARN PREPARATION 

1,000 

POTENTIALLY HAZARDOUS 
CONSTITUENTS: 

RESIDUAL CHEMICALS 0.02 RETAINED SLUDGE* 
SEE NOTE 

WASTEWATER 
TREATMENT 

LIQUID 
EFFLUENT 



3.4. 7.2.1 Potentially Hazardous or Non-Hazardous Constituents* 

'!he fiber and yarn wastes identified in Figure 3-7 are considered 
non-hazardous. 'lhe dye and chemical container waste streams are considered 
potentially hazardous because they contain hazardous residual dyestuff 
and chemicals. 'lhe potentially hazardous portions of the dye container 
and chemical container waste streaxre were dete.rmined to be 0.002 kg/kkg 
of product and 0.02 kg/kkg of product, respectively. 

Sludges retained in the wastewater treat:Irent system (typically, 
no sludges are currently dispc;>sed) also contain hazardous constituents such 
as heavy netals (copper, zinc), chlorinated organics and dyestuff, and 
therefore, are also considered potentially hazardous. 

3.4. 7 .2.2 Sampling Results 

Table 3-36 lists the results of the analyses performed on ~ 
posi te sludge samples taken weekly over a period of four weeks frc:rn two 
plants. In every instance the average xretals or chlorinated organics 
concentrations in the sludge solids exceeded the drinking water quality 
lirni ts. Iron and zinc together acconnted for 87 per cent by weight of the 
total heavy ~tals content of the sludge. Analysis perfonced for total 
chlorinated organics shCMed 99.9 per cent by weight of the total content 
( 40 .1 ppm) was found in the solid phase of the sludge. The remaining 
0.1 per cent (0. 03 ppn) of chlorinated organics found in the liquid phase 
does not exceed drinking water standards for total organics. Detailed 
sarrpling results may be fonnd in Appendix C of this report. 

An average of 2.9 kg (chy) or 20,000 kg (wet) of sll.rlge is 
retained in the typical plant's wastewater treat:nent system, containing 
0.01 kg of total heavy xretals, 1.2 x 1o-1t kg of total chlorinaterl organics, 
and 0.14 kg of dyestuff. 

3.4.7.3 Waste Quantities for 1974, 1977 and 1983 

Because much of this category's products are processed by 
categories D and E and are ultimately used for apparel, furnishings and 
other consurrer products, waste projections are closely related to popula
tion grCMth. (A growth factor of 3 per cent per armum was estimated by 
the contractor). Table 3-37 quantifies the total wastes for this category 
for 1974, 1977 and 1983. 

Tables 3-38, 3-39 and 3-40 list dye and chemical container and 
potentially hazardous container residuals wastes for 1974, 1977 and 1983, 
respectively. 

Sludge quanti ties and its potentially hazardous constituents 
amounts appear in Tables 3-41, 3-42 and 3-43 for 1974, 1977 and 1983, 
respectively. Because there is little or no change anticipated in textile 
wastewater treatment in 1977, it was considered valid to relate sludge 
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industry have been demonstrated to be hazardous by this study. 
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Table 3-36 

Category G - Yarn & Stock 
Dyeing & Finishing 

Sludge Analyses 
(mg/kg of dry sludge) 

Drinking Water 
Range (1) Averafi!e(2) Parameter Limit* (~em) 

Arsenic 0.05 <0.01-<5 <2.5(3) 
Barium 1.0 <0.1-<50 <25 
Cadmium 0.01 <0.01-<5 <2.5 
Chromium 0.05 24.4-38 31 
Cobalt ** <0.05-<24 12 
Copper 1.0 105-423 264 
Iron 0.3 605-2,715 1,660 
Lead 0.05 <0.1-<50 <25 
Manganese 0.05 10-122 66 
Mercury 0.002 <0.5-0.81 0.66 
Molybdenum ** <0.2-<100 50 
Nickel ** <0.05-<24 12 
Zinc 5.0 571-2439 1,505 

Total Heavy Metals 3 656 

Aluminum ** 357-2,276 1,320 
Magnesium 60.0 405-6,772 3,590 
Potassium ** 2,100-7,431 4,770 
Sodium ** 221,000-497,000 359,000 
Strontium ** 14-65 40 ---
Toi·al Chlorinated 
Ore9:~~ 0.7 3.3-76.8 40.1 

Suspended Sol ids (%) **' 0.013-0.018 0.015 
TotalSolic!s (%) ** 0.12-0.21 0.165 

(1) Range of the individual plant averages 
(2) Grar.d (tvcrage of 8 measurements from two plants 
(3) Less tlwn values wcr:=J considered to be at the :naxir::um in computing totals 
* U.S. Pub! ic Health Service. Drinking Water Standurds. 1962 
-A··Jr No drinking water stc:ndords have been set· for these metals 
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Table 3-37. Category G- Estimated Quantities of Total Waste from 
Yarn end Stock Dyeing and Finishing Operations 
(KKG/YR) 

1974 1977 
Drv Wet Drv Wet 

IV Alabama 687 1.646 724 1 755 
X Alaska 
IX Arizona 
VI Arkansas 
IX Californ~a 6'07 1 646 724 1 755 
VIII Colorado 
I Connect~cut 529 1 211 565 t,;m:l 
III Delalvare 
IV Flor1da 
IV Gcorq~a ~-:--ffio 8 450 3.840 9 000 
IX Hawa~~ 

X Idilho 
v Illl.no~s 687 1 646 724 1,755 
v Ind~ana 
VII Iowa 
VII Kansas 
IV Kentucky 181 428 192 450 
VI Lou~s~ana 

I Ma1ne . 181 428 192 450 
III Marzland 
I Massachusetts 1 679 3 948 1 794 3 967 
V Michiqan 
v--Mlnncsota 91 -719 98 231 
IV HlSSJ.SSlDD~ 
VII M1ssour1 181 428 192 450 
VIII Montana 
VII Nebraska 
IX Nevada 
I Ne1-1 l!amosh~re 434 1,032 458 1~ 
II Nel·/ Jersey 2.420 5,820 =~,550 6 160 
VI New r1ex1co 
II New York 3 240 7 670 3 470 8 110 
IV North Carol1na 7.460 17 570 7 930 18 660 
VIII North Dal~ota 
v 01uo 348 812 372 857 
VI Oklahoma 91 219 98 231 
X Oregon 91 219 98 231 
III PcnnsvlvanJ.a 2 770 6 590 2 900 7 030 
·I Rhode Island 2 160 5 157 2,290 5 486 
IV South Carolina 1,566 3 732 1,681 3 957 
VIII South Dakota 
IV Tennessee -6B7 1,646 724 1,755 
\TI Texas 
VIII Utah 
I Vermont 
III Virg1n1a 181 428 192 450 
X Wash1nqton 
III Nest Vircrin~a 
v W1scons1n TliT 428 192 450 
VIII lvvonunq 
TO'fAL 30 132 71 367 32.000 75 599 

Reqion I .d. QR':l 11 _770 5.299 12.318 
II s-:660 13":490 6:.026 14.270 
III 29'>1 7.018 3 092 7 480 
IV 14 181 33 472 15 091 35,571 
v 1 037 3 105 1 386 3 293 
VI 91 219 98 231 
VII 191 4?A lQ? 450 
VIII 
IX 687 1 646" 724 1 755 
X 91 219 98 231 
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1983 
Drv ·Wet 

1.462 4.412 

1 462 4 412 

1 .l_~j 3 353 

7 560 22 560 

1,462 4;f1L 

3!lY l.T6V 

389 1,169 

3.550 10 • .5-50 

190 566 

389 1 169 

934 2,814 
5 130 15 630 

6.880 ?0_7Ri) 

15. 8QO 47 ,SAn 

743 2 213 
190 566 
190 566 

5 990 18 190 
4 660 14 060 
3 336 10 236 

1,462 4,412-

389 1 169 

~.,. l .Tl)lT 

64 139 193 137 

10_/,A/, 31.Q.d.A 
12.010 36~410 
6:JZ9 19 359 

30 069 90 349 
2784 8 360 

190 566 
389 1~ 

1 462 4 412 
190 566 



. Table 3-38. Category G - Quantities of Potentially Hazardous Dye and 
Chemical Container Wastes from Yarn and Stock Dyeing and 
Finishing Operations, 1974 (KKG;\'R) Dry Weight* 

• Dry Weight •Wet Weight 
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Chemical 
("nnlniner 

•\A 

Hazardous Total Potentially Total 
Hazardous Hazardous· Residual 

rho~~~~rL~~W~a~s~teL_~~~~C~:,o~nst~:it~"Pnwlt~•, 
0.76 -,-,.,n'H. O.R~ 



Table 3-3'1. Category G - Quantities of Potentially Hazardous Dye and 
Chemical Container Wastes from Yarn and Stock Dyeing and 
Finishing Operations, 1977 (KKG/YR) Dry Weight* 

JV Alah<!mrt 
_x ___ ii fi. "'"' 

Dye 
Container 

....J5_ 

-----.. --------- --------· IX Ar1;wna 
Vi-:- Ark;-;j-,;;·.., ~' ·-
lit C:.ill 1_!: (,j:-riJa-- r:t~ --Vl I I Col o:-;'.<lo 
1--coiillccl.'Icut 27 IT I-De l a · .. :i;,-:-c",-
Iv--i~l.or 11.--, 
rv---cr~c;r-;,·ra 180 IX--iGWZ::--;--
X IriaLo 
v Illino.i::; 35 
v Ind~!nit 
VII IOv.':~ 

Vli~i-;!: 
w---K<,fi EiTel{ v 
Vr LouTSTana 

9.2 

-r--,:r.:tr1ie-- 9 ? 
-

1~Mar~nn<l 
r- Masu.cYiusetUJ R4 
v--"i~"lcltiqu:1 ----
v-~rrnrHisot..• 4.7 x-v--rrr.,sr.s:s-_1~-i;m-
VII MJ.:::;~~(lllil .... 9 2 
VIII Hontnna 
VITl«ilJriisY.a 
r-x-Nevi!.C:t\ 
I N<:'\·1 Fr:r:-~nrlh"fi:C 22 I! New -·~.r..~.>:- __jJQ_ vr Ne1·1 i·!c·::1co --
II Ne\l Yorl: ]60_ 
rv--liior:.:hC.:,::ollni-, 380 
VI I I Hort!:ill:\l:ot;, 
V Ohio ----· f-·v 
vr--ollil ho:~---- 4.7 
X Ore ron 4 7 
I"ff--Pennsvfvania 

r--J~ i~I16Cf"'r-s-,,.nci-
:rv--:-sot1tE-c.-;·r.o-i"Tna Bl 
vfffsauffi-r.:,,j;(;-t:~ 

Hazardous 
Residual 
i)yestuff 

__ JL..Q81._ 

~.ooJ. ____ 

0 062 

0.41 

0.081 

0,02 

0 0?1 

19 

_CL01 

0 021 

0.051 
Q,22 

0.38 
0.87 

0.04Q 
0 011 
0 011 
n_:n 
0.25 
0.18 

Chemical 
Container 

89 

r--39 

68 

460 

89 

;l.j 

?1 

210 

_.J2_ 

- 23" 

56 
320 

410 
__25fr 

45 
12 
12 
1./,0 

_,2_80 
200 

--

--

Hazardous 
Residual 
Chemicals* 

0.8J 

0.81 

_9.62 __ 

4.1 

0.81 

-~·:.!_1 

!L2L 

l_Q 

_0 _) 1 

o:21 

O.'i1 
?.9 

3.8 
R 7 

JL40 
_Q_,_11 
-6 11 
1 1 
2.5 
1.8 

r.v--1·cnnE'3!i('-,;; 35 0 081 _8_9 ____ 0.8 
VI 'J'cx.::f' -VITflfi:lii" ______ -----
r--vc~*::;OJ1 t 
!XI v 1r<:lfii:i.- 9.2 0 021 23 0.2r---
-, --Nilf;.l11i\rrtcl~ --.III l·lc!.> t -v~fJ:n*iii1;1 
--1TI.~c()~I7l-- -~...£_- 0.021 2J 0.£1 
) I I 1-ivoT.ll'i<r·---- I------- 3.515--1'o'rA.L·--------- I 531.1 - 3 866 35.15 ------
eqj.Q.11 __ I _____ 252~2 04~_L._- 637 5.74 

-fh----- _J2Q_____ g·~~~---· ---~%~ 6.7 

------------ __ JA2..L ·--" 3 ..5..! 
----~---- _]2Q.>._____i_w"-- 181] ..l6....4J ____ v _______ _ -.6:i.!)____ JW53__ _______ 1.69 1.53 
3:~----- _4..7 _________ _ __Q.J!.U__ 1~ . -4-JJ-

----~}h----· __ _2_.2___ ___ll._Q2..L_ _ 23_ 0.21 

---------------- -------· ---·---- ---
-~L ---~:: --=± }:7 -- ---s~m+--- ----~~ • II_ ----------- -- ---------

• Dry Weight = Wet Weight 
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Total Potentially Total 
Hazardous Hazardous 

~.891 0 .8'11 """'-=---
Wastes Constituents 

.. --
tl4.1JY I 0.891 

95.682 0.682 --
644.:>1 4.51 

124.891 0.891 

JL.4J O.LJ 

32.431 0.231 

296.09 2.D9 

16.A? 12 

32 43 0 231 

78.561 0.561 
453.19 3.19 

574.18 4.18 
1 339.57 9.57 

-
62.44 0.44 -- 16.82 .121 -
16.f.l21 0.121 - 503.63 3.63 
392.75 ·us 
282.'1ti 1.'18 

124 891 o.ac[L 
··-·-

_J;!.431 U.:.!J 

32.4J 0.231 

5435.765 38.665 

895.514 6.314 
l 027.37 7.37 
536.~ :tf!61 
2 54\ .27 18 073 
236.583 y,_!f! __ 
16.821 0.121 • 
32.431 0.231 

124.891 0.8'11 
16.8-rr- .121 



Table 3-40. Category G -Quantities of Potentially Hazardous Dye and 
Chemical Container Wastes from Yarn and Stock Dyeing and 
Finishing Operations, 1983 (KKG/YR) Dry Weight• 

Hazardous Hazardous Total Potentially 
Hazardous 

Total 
Hazardous 

WndP Cnndotoo .. nh 

1~10~" 1.056 

Dye Residual Chemioal Residual 
Conta~in~e~r ____ ~D~Iy~Ees~t~u~ff ____ -r-~Ca~n~t~a~ine~r ____ ~C~~~m~i~c~al~s---r-D~~~~---r~~~~~_, 

A'> -n rn1-. 110 0_9/, IV Ala"Gaina 

153.056 1.056 

-~---~~~~~:-,~~:~------~------------4------------4-------------+----------~------------~-----------~ 
IX Ar~~z~o~n~u~------+-------------~----------~------·------~--------~~----------~r-----------, 
yy---i~:an~s~a~~-------+-------------~----~----~--~~-----~~--~~--~--~~~~--~--.,~----_, 
j:-x--l;"aTitorm ,, 42 ___!Wl26.__ ____ !--·.il0 0.9!2-.6--11----_u.,~~------;1--__!~~-----l 

113J:!<IT U.tlU:l 
Viii Colora~u~-o~~~----!--~L--------
-I---Co~:Ic.~n~t~.--4--~32~-------~~n~.~073~----~---QL811 ______ --1f----~OUL73~-~1----~~~----~_;~~--~ 
III IJclaH«r<i-· 

765.~ 5.~ 

153.056 1.056 

W l' iorJ.(!il·-------~-=-:::'::--------l---;::--=-------1---=,------l-----rn---~--~;-;:-;;;;-----~-,...,;;:;------l 
YV----<;~o~r.~q~~1~a--------+---~??y_n ______ ~_~o~.~429 ______ ~--~54~0~------l----~4.~9---l---~~~----~--~~-----i 
rx---«ii~v~id~~~1~--------4------------4 _____________ ~----------~~--------~------------~----------_, -x--!claho 

~.275 0.275 

~.275 0.275 

52~'i3 2.53 

19.743 0.143 

:!'}.215 0.275 

94.671 0.671 
533.74 3.74 

685.06 5.06 
57 11 

73.528 0.528 
19.743 U.l4.j 

19.743 0.143 
594.29 4.29 
46<1 <I 3.3 
338 42 2.42 

153.056 1.056 

~.275 0.275 

~-?7~ 0.275 

";:.;~<;-,<; 45.76 

1.063.579 7.579 
1 lli!JL 7.579 
633.565 8.8 
3,020.197 21 197 
285.602 2.002 
19.743 0.143 
-:l9~275 u • ..:t:> 

153.0~6 1.056 
19.74:1 0.14J 

Region I ____lQO ______ Q.6~--·- ,.---;7;,.::5;;;6---+--...:6;<.:.:.:;;8;.:.9_+--~~::!j...!.--+-~~---1 
___ r_1_· ______ JAD ____ ~--·- __ !!7.0 ---"a,.,.:.;;o~-+--~· 

li I J.]j ______ _QAJ~--- ___ 4@ -~ 4.15 
.-'-~-Y----------fsJ.6. ~-:m--- ---~~~-8 - +jf--i--¥· ~f.;J.l-.f--.-+-+'>~L----l 
=-··--~JI --=---~-:.¥=--- -8:£!l--~ _::-~~-=.:.. -=--£:":j1~3-t---.;64m----t--rr~~--j -----v n-r ------'--l. ____ ____y ____ ··------ -··-'-· "/.:)-'----t---=.:..:::.:.:: __ -+-=~-~ 

nc---- 42 -- ---u:-09o--------mr--- -- •vr,.y<n,,o--+--,.,..rro:-x--+---.-,..,..-r---l 
··-··-·-··x-·--· l 5.6 ---·· ··-·o-cil3 ___ -,4----· --IJ.lr--+--~ci-7~;:__-r----;rrn--l ----- ---=---···-- ____ ____j __ .;-...:..:.;:_--L---!.!..!!..~--L-~:.!.:!!L-_ _J 

* DryWeight •Wet Weight 
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Table 3-41. Category G- Ouantities of Potentially Hazardous Wastewater 
Treatment Sludges From Yarn and Stock Dyeing and Finishing 
Operations, 1974 

RETAINED SlUDGES (KKG)* (NO WASTED SlUDGES) 
Total Total Total 

Total Pot. Haz. Wastes Heavy Chlorinated Hazardous 

~:~0-3) Wet Metals Orsani~ Dyestu~ Constituents 
(x 1(]6) (X_ 10- 'l 1~ 10- 'l (x w·6l 

IV Alabama 4.3 29 16 170 _Q_c22 236 
X Alaska 
IX Ar~zona 

Y.I Arkansas 
IX Cal~forn~a 4.3 29 16 170 0.22 236 
~Colorado 
I . Connect~cut 3.3 22 12 130 0.16 i72 
iii J)e!dHare 
IV :nor~da 
I._V Geor'Jl.a 22 ISO 79 880 1.1 1 180 
!x Hawa~J. 

X Idaho 
v Illl.noJ.s .4.3 29 16 170 0.22 236 
y IndJ.ana 
Y.!! Iowa 
yii Kansas 
IV Kentucky 1 1 7.5 4.0 44 0.055 59 
YI_ LOUJ.SJ.ana 
I Ma1ne 1 . 1 7.5 4.0 44 0.055 59 
III Maryland 
I Massachusetts 10 69 36 400 0.50 536 v M1chiqan 
y_ Mlnnesota () 56 3.8 2.0 22 0.028 30 
IV MJ. s s J. s s J.t:'Ol. 
VII Missour~ 1 1 7.5 4 0 44 I 0.055 59 
VIII Montana 
YII Nebrask_a 
IX Nevada 
I New HampshJ.re 2.7 18 9.7 110 0.14 14'1.8 
!_I New Jersev 15 Jon 54 600 0, 75 805 
VI New Nex~co 
II New York 20 j30 72 800 1.0 I .071 
IV North Caroli.na ,y, 310 160 1 .800 2.3 2.41.? 
VIII North Da!~ota 
v Ohl.O 2] _14 7.6 84 0 10 107.7 
y_I Oklahoma n ~A 3.8 2.0 22 0 028 30 
X Ore_gon 0.56 3.8 2 0 22 0.028 30 
III PennsvlvanJ.a 17 1?0 61 680 o.a5· 912 
~ Rh_odc Island 1.4 91 50 560 0. 70 751 
'!-_V South CarolJ.na 9.8 66 35 39(! 0.49 -.52!> 
YIII South Dakota 
IV Tennessee .4.3 29 16 170 0 22 236 
VI Texas 
yiil Utall 
J: Vermont 
Ill VJ.rgl.nl.a 1.1 7.5 4.0 44 0.055 59 
~ l'la s_runc;rton 
III \'lest VJ.rcrJ.nl.a 
v \'lJ.sconsJ.n I J 7.5 4 0 44 0.055 59 
VIII NvomJ.nq 
TOTAL 186.2B 1254 .9_ 666 3 7.400 9.329 10,002.,5 

Region I 31 1 207.5 111.7 1 ,.U.L 1.555 1.667 .B 
~ 

II ~-~ 230 126 1 .400 1.75 1 A7A 
III 1A 1 127 .. 5 65 724 0.905 971 
IV A7,5 591 .5 ':11n ':1 A<:A ' 4.3A5 469.8 v ROI. .5_4.3 29.6 320 0 403 432.7 
VI 0 ~/, ~LR 2 .. 0 22 . 0.028 30 
VII 1 1 7.5 4.c0 44 0.055 59 
VIII 
IX .. L3 _29 16 170 0.22 236 
X n <:.t. ':! R ?.0 22 0.02R 30 

*See Table 3.-8 for definition of retained and wasted sludge. 

3-78 



Table 3-42. Category G- Quantities of Potentially Hazardous Wastewater Treatment Sludges 
from Yarn and Stock Dyeing and Finishing Operations, 1977 

RETAINED SlUDGES* (KKG) 
(NO WASTED SLUDGES) 

Total Pot. Haz. Waste Total Total Chlor-
Total Dry Total Wet Heavy Metals inated Or.r,anics Dyestuff 

r~ ur3! (x HJ"6) · lx 10- 1l (~ 10"'3\ 
IV Al<•i,ama· 4.t-. :i1 1Z 1Rr -0.7:'1 

~G~SV.U 
xx--ArEona 
iJr-Jirk":1n:luS 
~ciiTJTOFril'ii ..A..6 31 17 180 0.23 
~coi'O-;:a-:ro----
y-·-c'Oi1i'i(;ct' cut 3.5 23 13 140 0.17 
m-Iif,);J.'-.•&rc 
xv-·--vrorF.la 
iv--?;"C"O"i:t' a :.!J 16U -84 930 ,/. 

lX- Havlllh 
X Idaho 
v Ill~nols A I. 11 17 tAn 0?-1 

v---:fii(ll anu 
VII Iowa 
VII l~anSils 
IV Kentucr:y 1.~ B.O 4.2 47 0.058 
v:r--Lou~G~ana 
y---Ma.-:Lne _}.2 8.0 4.2 4Z, 0.058 

lli-..!':~!..Yl5 ~ o-=-
I Massacnuselts "'i'1 71 1R 4?C 0 53 
v--Mi.diluan ---..--- 0.59 4 0 o.roo V M~nncsota 2.1 23 
IV M 1::; SI'S'ST~JP l. 
vii!Ussc,ur ~ I ? R 0 .4.? 47 nnii'R -VIii !·lontar.a 
VIf-i~b-riu<iia 

~Nev<~c1ii .,- -I New !i[lr,!Jdare 2.9 19 10 TN 0~15 
ii Jle\o .:iCl''><"Y -1.6....-- J .. UL 57 640 0.80 
VI NcH -1-:rO.~Tc·o---
li Ne•r York 21 140 76 850 1:1 
zv---Nortn carol .. na A9 330 170 1800 ~-

vrrTNorth Dakota 
y_ ~h1o ______ 22 15 8.1 89 0,11 
v:r--oJr:fi'iho:l.:~. . n -;o .0 2T 23 0.030 
X 61:]!'c:i~n ..OJ 59 4 0 2 1 23 0.030 
III Penn:i'! 1 vanl.a til .. 1~0 65 720 0.90 
l--Rhcctci" Ir:lnnc1 -lt- 9(-, _.l3 !.9.Q_ 0.74 
iv sou~oJ~w 70 37 410 0.52 
Vf'rTS'Ciiith'i5aF.otn !VTenilessea ___ . A.6 :11 17 180 0.23 
VI Tcxus 
Vffj"""utan -
r-~lilmt I 
Ill · V~rq~nla I ? I o n A? A7 O.O'iR 
x--,'lashlllaton-
in NcsT·\,il·qJ.'J"iTil t-· 
v--wr~ie-5i1Srn---· 1.2 18_..9_ 4.2 47 \DlSB 
VUI \</Vom{'i\.:i-

'l'OTAL < ?17.'i7 1 342 706.4 7 7.)3 9.82 

Rccrion I .aJ...6 212 \Ul.L__ ~.17 1.648 
II 3? . ~0 i___m ____ I-J.d90_ - 1.9 

--T:i'I lQ? ~6Z_ ___ 1-Hsa Tv -~9-
638---:-i~9T-- 3 547 .538' 

" .. -2lL3 -:~s 31...4___ . ___ 3_39 0.428 -----,,..,[ 0 52 23 0.03"6 

Total Hazardous 
Constitu~~ts 

(x 10-
0.247 

-
0.247 

0.183 

1.285 

0 247 

0.062 

-0.062 

0.568 

-0'.032 

0.062 

--
U.loO = 
0.858 ___ 

1.177 
2.47 

\J.lltl 
0.032 
0.032 
0.9t-.6 
0 784 
0.557 

0.247 

O.U6:l 

.. 6:.1 

. lU.:>J 

1.767 
2.U3.'l 
1.028 
4.868 
0.459 
0.032 ·~ -- '"'"i:~- ---. VII _),2 

.. 
47 o.oss------vl'i:r---- . 62 

t---. yr---- .4..2_ i:ll -17 !so _Q_._~ .:.14/ -----x- n--;o' id --i-2....L ·--,3 nroo 0.032 

* See Table 3-8 for definition of retained and wasted sludge. 
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IV 
X 
IX 
VI 
IX 
VIII 
I 
III 
IV 
IV 
IX 
X 
v 
v 
VII 
VII 
IV 
VI 
I 
III 
I 
v 
v 
IV 
VII 
VIII 
VII 
IX 
I 
II 
VI 
II 
IV 
VIII 
v 
yi 
X 
r;u 
I 
IV 
VIII 
IV 
VI 
VIII 
I 
III 
X 
III 
v 

Table 3-43. Category G- Quantities of Potentially Hazardous Wastewater 
Treatment Sludges From Yarn and Stock Dyeing and Finishing 
Operations,* 1983 (KKG/YR) 

T ota I Potentially Total Total Total 
Hazardous Wastes Heavy Chlorinated Hazardous 
Dry Wet Metals Organi3s Dyestuff Constituents 

(x J03) (x 10- 1) 

Alabama 590 236 2. 1 24 10 1? 1 
Alaska 
Ar1zona 
Arkansas • 
Cal1forn1a 590 2 36 2.1 24 30 32 1 
Colorado 
Connect1cut AJ;o 1 .84 1.6 18 n ?i A 
Dela\ ... are 
I·'lor1da 
Georg1a 3.000 12 11 12::J 1'>1\ ' 1f,J 

Hawa11 
Idaho I 
Illl.nOlS 'i90 ?.36 ·2. 1 ?A 30 3? 1 
Ind1ana 
Iowa 
Kansas 
KentuCky l60 0.64 0 58 6.4 8.0 8.59 
Louis1ana 
Ma1ne Mo 0.64 0 t;R 6.4 8.0 8.59 
Maryland 
Massachusetts I AOO c..n 5.0 56 7:) 7.i; 1 
Michicran 
M1nncsota u 0.296 0.27 3 0 3.7 3.97 
MlSSlSSlppl 
M1ssour1 u.n 0.64 O.'iR 6 4 8.0 8.59 
Montana 
Nebraska 
Nevada 
New Hampsh.1.re 1RO J 'i? 1 .4 15 19 20.4 
New Jersey 2l00 R 4 7.6 84 100 107.7 
New Me)aco 
New York ?~nn 11 .2 10 110 140 150 
North Carol1na J.. -q;n- 26 23 260 320 343 
North Dakota 
Ohio ~nn l? 1 1 1? 15 16.1 
Oklahoma 7i. 0.296 0.27 3 0 3.7 3.97 
Oregon 74' _0, 296 0.27 3.0 3.7 3.97 
Pennsvlvan1a ,-.;no 10 9.0 100 120 129.1 
Rhode Island 1 900 7.6 6.8 if.. 95 101.9 
South Carol1na 1 .dJ)I\ "i.A •; .0 51. 70 75.1 
South Dakota 
Tennessee -.;90 2.36 2 1 24 30 32.1 
Texas 
Utah 
Vermont 
V1rq1n1a lAO ! 0.64 o.s8· 6.4 8.0 5.59 
Waslunqton I 
\~est V1rq1n1a 
W1sconsin 11.0 0.64 0.58 6.4 8.0 8.59 

VIII \'lvom1nq 
TOTAL ?f.. I?? 104 . .488 93 61 1044 1 293.1 1 387.26 

Region I 4.300 17.2 15.38 171.4 215 230.59 
II Ton;,- J9 .6 . 17.6 194 240 257.7 
III ? J..AI\ 10.64 9.58 106.4 128 137.69 
IV 1?-?An .~Jl QA A~ 7R AOn A J..na A<;l A-0-
v 11?X 4.496 4.05 45 .. 4 56 7 60.76 
VI 7~ 0.296 0.27 3 0 3.7 3.97 
VII 1J..n ,0,64 0.58 6 4 B.O S.59 
VIII 
IX <;Q(\ 2 36_ 2. l 24 30 32.1 
X 7.t!. O.?QA 0?7 ::l n 3.7 3 97 

"'It was not possible to differentiate between the retained and wasted sludge for 1983, so 
the estimated values for this year reflect the total quantity. 
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quantities to production. However, it is anticipated that 1983 regulations 
will bring about a change in rrethods of treat:m:mt. '!he best estimate of 
the effects of 1983 legislation was found in the report prepared for the 
National camrl.ssion on Water Quality entitled "Textile Industry Technology 
and Costs of Wastewater Control" (10) • The figures for sludge generation 
in 1983 were based on the projected figures fran this report. It was not 
possible to differentiate the anounts of retained and disposed of sludge 
for 1983 so the estimated values for this year reflect the total arronnt. 

3.5 'Ibtal Waste Quantities in the Textiles Indust,nr for 1974, 1977 
and 1983 

'Ib properly interpret data in the tables of this section, the 
reader should be aware that not all digits are significant figures. Digits 
beyond the first two significant figures were entered sirrply as an aid in 
totalling columns, and should not be construed as having a higher degree 
of accuracy than is actually the case. 

'lhe estimated quanti ties of total wastes generated by the textiles 
industry for 1974, 1977 and 1983 appear in Table 3-44. 

'Ibtal container wastes and :potentially hazardous container residuals 
for 1974, 1977 and 1983 appear in Tables 3-45, 3-46 and 3-47, respectively. 
It should be noted that by cleaning the residual fran these containers, this 
entire waste stream could be quickly, si.nply, and inexpensively rendered 
innocuous. 

'Ibtal sludges and their :potentially hazardous constituents for 
the years 1974, 1977 and 1983 appear in Tables 3-48, 3-49 and 3-50, 
respectively. Again, the best estimate of the effects of 1983 legislation 
was found in the report prepared for the National camdssion on Water 
Quality entitled "Textile Industl:y Technology and Costs of wastewater . 
Control" (10). '!he figures for sludge generation in 1983 were based on the 
projected figures fran this report. It was· not possible to differentiate 
the anounts of retained and disposed of sludge for 1983 so the estimated 
values for this year reflect the total arrount. Tables 3-44 through 3-50 
were generated by si.nple addition of the quantities in corresiXJilding 
tables found in Section 3.4 of this report. 

3. 6 Rationale for Detennining Waste Streams for Technology and 
Cost Analysis 

The land-destined waste streams considered potentially hazardous 
in this study are the textile dyeing and finishing plant wastewater 
treatment sludges, the dye containers with residual dyestuff and the 
chemical containers with residual chemical. 
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IV 
X 
IX 
VI 
IX 
VIII 

Alabama 
Alaska 
Arizona 
Arkansan 

Table 3-44. Estimated Quantities of the Total Wastes Generated 
by the Textiles Industry (KKG/YR). 

1974 1977 

Dry Wet Dry Wet Dry 

5 474 78,194 5,Y38 84_J57 11 045 

953 2 587 1 093 2 841 1 789 
Cal1forn1a 10 590 13 814 11 980 15 509 19 601 
Colorado 220 1 055 240 1 145 297 

1983 

Wet 

26 033 

2 644 
31 168 

362 
I Connect1cut 3 281-t 38,674+ 3 487+ 40 884+ 6 409-t 16 481+ 
III Dela\varc 179 3 562 194 3 774 294 604 
IV Plor1da 5 379 18.363 5 905 19 HBl 2970 10 993 
IV Georg1a 36 417 184 426 42 249 201 172 78 358 147 318 
IX Haw au. 
X Idaho 64 67 70 74 119 233 
v Ill1no1s 4 019 42 811 4 339 45 193 6 750 14 010 
v Ind1ana 861 5_.B5Q 965 6.255 1 451 2 231! 
VII IO~la 417 651 437 673 864 2_.229 
VII Kansas 240 1 831 261 ~3- 356 553 
IV Kentucky 1 096 6 380 1 236 6,846 2492 5 364 
VI Lou~s1ana 440 451 481 ~2 7u __I_' 1/'1 
I Maine 2.307 14.266 L3M 14.,13_2 5.226 _15 900 
III Maryland 
I Massachusetts 20,:>41 "[J'L,I:>:> 21,147 236 850 29 351 81,009 
v Michigan 1 549 5 244 1 691 5 586 2 699 5 146 
v M1nnesota 1 288 3 252 1 386 3,458 2,2£3 4 498 
IV M1ss1ss:;.p;n 1.133 4.430 1.2_32 423_1 1725 2 615 
VII M1ssour1 _541 3.275 583 3.427 912 1.952 

·VIII Hontana 50 50 55_ _55 1>5 65 
VII Nebraska 400 400 438 438 521 _521 
IX Nevada 
I New llampslnre 2 121 13 079 2 204 13 900 4 636 13 568 
II New Jersev 24.988 154.060 ?1-._446 165..228 33.682 73A45 
VI New Mex1co 100 100 109 _102_ __l3Q J 130 
II New York 33.630 90.270 36.547 96.395 53.218 92.398 
IV North Carol'na 58.7L6 340 621 63 675 366 313 107 643 222 923 
VIII North Dal~ota 
v Ohio 3 224 24 837 3 524 26 140 5 509 10 872 
VI Oklahoma 1 197 4_/,54 1.3_')8 5.031 2.231 _3.6RQ 
X Ore9:on 1.497~ 2.426+ .1.571+ __2._5ZB_ + 2.827-l 7.097+ 
III Pennsylvania ?.1:.1R~ 37.466+ 25:383+ 40.372+ 39.6W 72:64?+ 
I Hhode Island 
IV South Carol1na 23 899-1 464 9Q8+ _25.865+ 496 824+ 45 61H 108 141+ 
VIII South Detkota 
IV Tennessee 7_111-. ?.4_1'>32 R_032 26.441 13.40? 25 852 
VI T~xas 9~883 94.795 JO .134 ~92.llAO_ 10.203 26 921 
VIII Utah 530 7ll .59Q __8_35_ J .123 2. 416 
I Vermont 708 4.387 743 4 621 1.384 3.568 
III V1rq1n1a 3 809 . 20.701 + 4.112 22 C29+ 7 211 15 664+ 
X Nash1nqton 889 1 116 955 1 183 1 370 2 400 
III Nest Virg1n1a 214 217 234 238 314 _428 
v W1sconsin 
VIII t\'vom~ng 
'fOTAL 310 .. 173 2.098.575 336.274 ~.221 399 533 602 1 120 759 

Region I 38 328 353 689 39 633 358 924 59 93o 165_640 
II 52,618 244,330 56 992 262 122 86 900 165 843 
III 28 193 70 915 30.588 .L6~ll3 . 47.999 _21 ~4 
IV 151 090 1 215 954 165.737 .300.439 .274.844 572. l37 
v 11.763 85 172 13 073 89 999 _20.796 4U ~53 
VI .12 573 i02 587 13 174 105.513 15.076 34 il>4 
VII 1.'598 f,-'1'57 1.719 _lul2J ? f..'\3 "'"" VIII 800 1.880 884 ?03.4 L486 ?.8.4.4 
IX 10.590 1J.8JA 11.980 15 509 19_1>01 _31.168 
X 2 450 3 680 2.596 3.835 4.317 .!i-731 

+Waste quantities from Wool Scouring Operations not included, See Table 3-2. 
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IV Alabama 
X Alaska 
IX Arizona 

Table 3-45. Total Quantity of Potentially' Hazardous Dye and 
Chemical Container Wastes Generated by the 
Textile Industry, 1974 (KKG;YR) Dry Weight* 

Potentially Hazardous Dye 
and Chemical Containers 

280 
Hazardous Constituents 
4.6 

VI Arka.nsus i5 U.l 
IX CaJ.~i:.)r.~.l~-~:•~,_a~-----+--~1r.7~0~--------------~--~1~2~-----------------------~ 

VII I (;o lo:::..r ,~-.. c~:o:;_-:------+----~1 ~---------------l----::0:.!:.0~4~---------------------; 
-I--coi1iirx~tlCut 180 2.4 
III Dclcn·:arc !:>_ 0.17 
IV Piorld~a~-------4----~3~9~----------------+---~0 .. 6~8-----------------------; 
rv---Gcor.f.i~l=a ________ -4----~liO~l·AllL0 ______________ -+--~1~3~-----------------------; 
IX Hnwah 
X Id<1ho '1. U.UU4 
V Il1~.:101S 180 2.8· 
V Indiana 9 0.26 
VII Iow~-~--------r---~1~2----------------4---~0~.~0~8----------------------; 

VYIY.a'ii-e&s 3 o.os 
rv---Kentuc~h--v--------~---~s2--·---------------4--~o~ .. ~5T-1------------------~--; 
v I LO\iiST::.i!~n:::.n ~---_-_::__·-_-t;_-_:_-~~!:>~ .:_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_t-:_-:_-:_~o~.~o~T-1!--_-_:_:_-_-_-_-_-_-_-_-_-_-_-_:_-_-_-_-_-_ .. -_i 
I Huine· 120 1.3 
III Har~.-r-a-n""'ct-------r----<1~5"'------------4----o*'.~4r-3---------------------l 

-~----rtl:Ssac~:~hlu~s~·0.~·~t~ts=---+---~Q~~---------------~--~1~0~-----------------------I 
V M1chiqm~1 ,.-------+---..::-= 2:3~------·---------1---0::.•::.::3:....... ____________________ -i 
v Hfii'Tieso~t:a 36 o.?9 
IV l11fH,.J.S~ 12 0,18 
VII HGsoun 35 0.35 
Vlii ~~~i~;a~--------+---~-----------------~---¥~~:.......------·----------------1 
vrr--rkbrusK~~~-------,_ __________________ l---------------------------1 
YXt~c~:;naa---
-r--N'm7-Ha~sfi'hc 150 

VIII Soufh Dakota 
j~cnncssec ~----+---2~3~0.----------------+--~~----------------------4 

~~;- 86 
VIII Utah 10 
x--vcrmont -~-III vuq fili« f20>0:o------------+---w!.r..~-------------.. -
x \va'iiil:.no::~ton 9 
_III 1\'.ss t-. _ \7il]Ii1:..::l;.::;il:._-l---~2~----------l 
V \'i'J.!;conran ~--------------+--~;:r._ ______________ -1 
Y._l I _!~7orni 11 g_ 
TOTIIL '----------i---:9~91 1~0----------l----:-:-::----------------l 

Region _I_ 1550 
:rr 1610 

-----~~I~I----------~~~~~~-----------·---+--~~---------------------~ 
~--~;I~V~----------+---~o-·------------r-~~------------------~1 

______ ,vv-~r~----~-----------~w____________ ·~-----------------------· 1W - -, 
----.vYi -so-.____ ----------------. .., 
-"""J:i-1 I -- ---10 ----------+-~~----------------~) 

-r>r-r· JZO ·---x---------·--_1_---_-o-o------ ---------------~ J 

* DryW.eight • Wet Weight 
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Table 3-46. Total Quantity of Potentially Hazardous Dye and 
Chemical Container Wastes Generated by the Textiles 
Industry, 1977 (KKG/YR) Dry Weight* 

Potentially Hazardous Dye 
and Chemical Containers Hazardous Constituents 

IV Alaba~m~a~--------~-----~3~0l0 _________________ ~--~4~.~8-----------------------l 
x----;\l~-~s~~-~-<~t ___________ ~~--------------------------~---------------------------------1 
~i\r-i zona 
VI--1\rr,uns<.t f; -~ 6=---------- ----+---~0;:.:·~1..:_1 _____________ -l 
-rx-ciiTil'"o::.-::,r~n::.r::.:cl:__ ______ t----}'19~0L-________ ~ --*1 ~·2-r--------'-------------1 
\,Tfl'[""(:()'fO_r_c\dO;__ ~-----------------4-----0;:•:_:0~-4 ---------------------I corir1ecT::lc--l-,.,..t-------f----190 2.6 
II~~~~~-- 6 0~.718~---------------------l 
IV---rro-rr;,la 42 o.n 
IV- G~-!crqTa 1150 13 

ifx--Jii~~t~~:r~------------~---~--------------------1------n~-------------------------x l<l<oh- o- 0 2 0 004 V Jl~no~s-----------~--:__1~9~o~----------------+--~2~:~9-~-------------------~ 
V Ind"Gna 10 01<'.'?2r7.7.--___________ ~ 
VIl Im·l . .:.il:._ ______ 

4 
___ _,1;:12:__ ________ ------l--~~~--.::.0•:.:0~8:._ ______________ _ 

VII ~~~~~~1~~-u~·~'~---------~----~3=---------------1----~0~.~1~4 
IV~{("ntt,cky,_ _____ +------'5:;.:_5L-__________ +----70 .. ~5:;.4 _______________ _ 
vr-·r;c;UTsTana 6 o._o~.!.'---------------------
y---Mainc 120 ---------+---:-1.'--:4~:------------
·ur 1·1ar_yla~-----· R 0.45 
I l·la ~~ "C! c :a:;. e t:-.t:-:· s=----+----i6~80..---- ll 
V l~jchic:a::,n_._----------+---;Z'i-3 _________ jf--·---i0.31 -------------
V Hi.nr.L'sot<• 38 0.3r 
IV ~liS:sl.s'Sii;,~o::-~,-----+---"~t;.3~--=-===-===--=-=:::::-=:1-=:=.:io~.~20~=-=-==::::_-_-=.-=-.-_:-_ -_-_-=.-=-.==-~-! 
v n -M.-ts SOI:i'J::r-·~---_-_-_-_-_--4-+_-_-_ -__ -_--="""3_'-:6'-:- ~------------------
v!:fll-:,)JJt-.:ina·----
vrr~raska---------+---------------------=--=--=-~~~--------------------------
rx---ncvad~a~---------~ 
y----~.~-rr~~r:,~>hl_-rc 13o-----------_-_-_-_-+-l---_-_-_-=_"""t:...:.~5~-:_-~-:_-:_-:_-:_-:_-:_~-:_-=_--------
II NCJH de;!Sev ____ --y~---- 11 ··---------
VI --N·,::;;-T]f;;{I'cc) ____ _ 
I"I--'""NC;.;-y-c;-rr-------+----,s~7.,o..- -8 
nr--tlor u1-Caro lT:-l~-,.---+----2::;:48""0____ ;6 
•,;n r t:Or-th n?.iJ:cTa 
v---Oiiio _______ ~----"~o:,__ __________ +-----='~·7:--o-------
vr-ok"\aho,na 28 __________ -t----4.·-~-----
.x Orcqor. 5T u.w --·------f 

F~t~~~v-i~rR1~~ ~~~- ~:~ --------------------= 
IV -~foliTYicaro1"1ni1 ll60 · 26 
vnT-s~mt:fl l),,bf.'it 
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Table 3-47. Total Quantity of Potentially Hazardous Dye and 
Chemical Container Wastes Generated by the Textiles 
Industry, 1983 (KKG;YR) Dry Weight* 

Potentially Hazardous Dye 
and Chemical Containers Hazardous Constituents 
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*Dry Weight • Wet Weight 

5.8 

0.14 
1.6 
0.05 
3.0 
0.21 
0.!37 --

16 

0.005 
3.5 
0.33 
0 08 
0.11 
0.65 
0.01 
1.5 
0.54 
l:J 

0.35 
__{}_--::35 .. 
0.23 

_0.43 

-------
1.7 ----·· --
13 -
9.3 
3Q 

2.0 
0.39 
0.4:l 
5.8 
4d_ 
_12 

-2.4 
2.4 
0.09 
0.34 
0.74 
0.07 
0 005 
()._48 

154 

23.4 
22.1 
7.4 
88.1 
7.1 --

- 3 
_()._§_ . 

-t.2 .6 
0.5 -

3-85 



Table 3-48. Total Quantity of Potentially HozardO<JS Wostewater Treat .... nt 
Sludae• Generated by the Textile• Industry, 1974. 

RETAINED SLUDGES (KKG 

Totol 
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WA' TE SlUDGES {KKl>7\'R1"' 

Total Chlor-
Total 
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• Data withheld due to its proprietary nature 
+ Woste quantitie• from Wool Scouring Operations not included, see Table 3-2 
•• See Table :HI for definition of notained and -•d sludge 



Table 3-49. Estimc~ted Total Ouantity of Potentially Hazardous Wastewater Treorment 
Sludges Generated by t~ Textiles lndu~try, 1977. 
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Table .3-50. Estimated Total Quantity of Potentially Hazardous Wastewater Treatment 
Sludges Generated by the Textiles Industry, 1983 

SLUDGES (KKG) 

34 -· 
270 

350 
1600 

36 
12 
5.5 + 
320+ 
110+ 
460+ 

160 
38 - -2 I 
4 
79 + 
003 
2.4 
27 

2500 

+Waste quanti! ics from Wool Scouring Operations not included, see Table 3-2. 
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. * 3.6.1 Potentially Hazardous Waste Streams 

3.6.1.1 Wastewater Treatment Sludge 

'Ihe first waste stream worthy of study is the sludge arising 
fran the treatm:mt of textile mill effluents. Wastewater treatment 
sludges are the rrost ccrrplex waste fran dyeing and finishing mills, and 
includes such carponents as heavy metals, adsorlJed dyes and chemicals, 
and chemical and biological solids. While this waste stream contains 
sane hazardous cooponents (heavy metals, residual and adsomed dyestuffs 
and chlorinated organics) , it also contains a significant percentage of 
non-hazardous constituents, such as camon salt, sodium sulfate, and 
chemical and biological solids. 

Heavy metal concentrations present in wastewater treat:rrent 
sludges were found from samples in all categories except C, Greige Goods, 
to exceed drinking water limits. '!he total heavy rnetals fomd in the 
various categories range fran 3, 606 pt:m in Yam and Stock Dyeing and 
Finishing to 20,990 ppn in Wcx.)l Fabric Dyeing and Finishing. Average con
centration ranges for various metals of concem (see Section 3.2) found 
in analyzed sludges are given below. 

Range of Average Drinking Water 
Metal Concentration, ppm Limit, EPYl 

As <0.1 to <17 0.05 
Cd 1.2 to <17 0.01 
Co 4.2 to 212 0.2* 
Cr 19 to 1,19.6 0.05 
Cu 18 to 652 1.0 
Fe 1,000 to 5,200 0.3 
Pb <25 to <170 0.05 
Zn 106 to 2,370 5.0 

* Limit for agricultural waters 

'!he bulk of the heavy metals which end up in land-destined sludges 
are washed or rinsed fran fabric into the mill's wastewater treatment 
system from such operations as scouring incaning greige goods, dyeing 
cloth, and applying various finishes. The free rnetal ions may then be 
adsorbed onto the biological (or chemical) sludge generated in aeration 
ponds. Any rretal which is structurally chelated within a dye is not 
free to leach fran the landfilled sludge unless degradation of the dye 
occurs. Once this happens, hCMever, the bound metals are released and can 
leach through soils and eventually reach an aquifer or ground water. 
'Ihere is ·also the possibility of ion exchange occurring if free cations 
such as Fe+2 or Fe+ 3 are available. This further increases the prcbability 
of other heavy rretals reaching ground water supplies in significant 
quantities. 
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Dyestuffs are also considered a hazardous component of waste
water treatment sludges because they present the environment hazards 
cited in Section 3. 2. 'Ihese hazards include toxicity and non-bio
degradability problems as well as the possibility of anaerobic degradation 
of dyes in a sanitary landfill to toxic or carcinogenic intenrediates. 

Residual organics are also a hazardous component of textile 
sludges. 

The analysis of sludges for specific organic compounds was 
beyond ~e scope of this study. However, total chlorinated organics were 
identified. The analyses from all subcategories except C showed total 
chlorinated organics present in sludges ranging in value fran 0 .11 to 
64.7 ppm. The drinking water limit for total organics is 0. 7 pJ.Dl, and 
the average values for each category exceeded this limit. Since the 
nurrber and variety of these dyeing and finishing chemicals is so large 
and in the light of the concern generated by recently carpleted and 
ongoing studies (26, 27, 28) of organic compounds as wastewater pollutants, 
we include these chemicals as being hazardous constituents found in 
wastewater treabrent sludges. 

3.6.1.2 Dye Containers 

The second land-destined waste stream considered potentially 
hazardous is the dye containers and the residual dyestuff contained 
therein. A discarded dye container carries approximately 28 to 56 g 
(1 to 2 oz) of residual dyestuff to the disposal site, which in these 
industries is often a county or municipal landfill. '!he residual dye
stuff which ended up in a landfill for the year 1974 anounted to 11.7 kkg, 
and this figure is projected to increase to 12.5 kkg for 1977 and 14. 8 
kkg for 1983. The dyestuff canponent of this waste stream presents the 
sane environmental hazards cited in Section 3.2 (i.e., toxicity and bio
degradability hazards and the {X>ssibili ty of anaerobic degradation of 
dyes in a landfill to toxic or carcinogenic rcetaboli tes) • Therefore, as 
stated in Section 3. 2, all dye-bearing waste streams are considered 
potentially hazardous. 

3.6.1.3 Chemical Containers 

'Ihe third J:X)tentially hazardous waste stream includes chemical 
bags or drums containing residual chemicals. Such i terns as dichrarate 
salts (oxidizing agents); sodium hydrosulfite (reducing and stripping· 
agent); zinc nitrate and magnesium chloride (catalysts); J:X>lyvinyl 
chloride, tetrakis (hydroxynethyl) phosphonium chloride, chlorinated 
paraffins and organic phosphorus carp:runds (flarre retardants) ; silico
fluoride canpounds, sodium pentachlorophenate and phenylsulfonic acid 
derivatives (m::>thproofing agents); and urea-fonnaldehyde, dihydroxy
dichlorodiphenyllrethane, mixture of zinc salts of cli.lrethyldithiocarl>amic 
acid, 2-rrercaptcbenzothiazole, and copper naphthalene (mildewicides) care 
in bags or drt.m1s. Any of these materials which reach a landfill in dis
carded packaging present a potential hazard as cited in Section 3. 2, for 
processing chemicals fran dyeing and finishing mills. 
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The arrount of residual hazardous chemicals which reach landfill 
sites in discarded packaging arrcunted to 111.7 kkg in 1974 and is projected 
to increase to 117.4 kkg in 1977, and 139 kkg in 1983. Because of the 
multitude and variety of heavy rretal containing chemicals and chlorinated 
organic chemicals used in the textiles industl:y and known persistency and 
possible toxicities of sate of them, chemical containers were considered 
a potentially hazardous waste stream warranting further sb.rly. 

3.6.1.4 other Potentially Hazardous Wastes 

The contractor also found isolated and atypical instances of 
potentially hazardous wastes such as sol vent wastes and still bottans fran 
specialized processes and yarn and lint wet with non-fixed dye and dye-assist 
chemicals. Quantities of these wastes may be found in Table 4-4. Solvent 
wastes and still bottoms containing such materials as acetone (flashpoint 
lSF) , zrethanol (flashpoint 65F) , naphtha (flashpoint 20-llOF) are extrerrely 
volatile organic sol vents and present flanmabili ty hazards when stored in 
quantity. Thus, referring to Section 3. 2 for the oor flashpoint criteria, 
this waste stream, when it occurs, is considered potentially hazardous. 
This type of waste is associated with specialty operations such as tricot 
and lace splitting or sol vent scouring. 

Yarn and fiber wet with non-fixed dye and dye-assist chemicals 
were found in one facility dyeing and finishing tufted carpets. 'lhe only 
other area where this could be a problem is yarn and stock dyeing, and no 
evidence was found that it is a problem. If this wet yarn and lint is 
carbined with other mill trash and sent to a landfill with no attenpt 
made to renove excess dye liquor or chemical, the problem arises of the 
dye or excess chemical leaching to the landfill environment. For the 
reasons cited in Section 3. 2 pertaining to dyes and other chemicals, this 
waste is considered potentially hazardous and will also be discussed on an 
individual basis. 

In SU!TI11al:Y, the follo.-Ting waste streams are considered poten
tially hazardous for the purpose of this study: 

Waste Stream and 
Hazardous Constituents 

wastewater trsatment sludges with 
absorbed dyestuff, heavy metals and 
chlorinated organic chemicals 

Dye containers with residual dyestuff 

Chemical containers with residual 
chemicals 

Atypical sol vent arrl still bottan 
wastes 

Fiber wet with dye and dye-assist 
chemicals 
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Criteria for Detennining 
Hazardousness 

ADMI studies; Drinking Water 
Standards for rretals and total 
organics 

ADMI studies (14) 

Drinking Water Standards for 
zretals and total organics 

oor Flashpoint Standard (lOOF) (25) 
Drinking Water Standards for total 
organics 

ADMI studies; Drinking Water 
Standards for total organics 



3. 6. 2 Non-Hazardous Waste Streams 

Initially there was concern that waste dyed fibers and rags 
fran seam and selvage trim might warrant classification as potentially 
hazardous in the event that the dye might leach into the landfill, posing 
environrrental hazards. Dyes, however, are generally fonnulated to be 
lightfast and washfast. Industry contacts have indicated that. when dye 
is affixed to a fiber and no excess remains, only under rontact with 
chemical stripping agents, which is highly imprc:bable in a landfill, 
might the fixed dye be leached or released fran dyed fiber. Nonnal 
acidic landfill conditions will not release affixed dye fran fiber. 

Fly, flock, and cotton dust, due to their fine particulate 
natures, are usually handled and landfilled in containers such as 
I,X>lyethylene or I,X>lypropylene bags or cardboard boxes. As a result, these 
present little fire or explosion hazard during or after landfilling. 

While it has been shown that increased exposure to cotton dust 
has been associated with an increase in the prevalence of byssinosis in 
textile mill workers (29), exposures for personnel involved with the 
rnanagerrent of these wastes (landfill operators, waste collectors) are 
both brief and intennittent. 'lhe cotton waste handling and disposal 
rrethods errployed (containerized) reduce the risks of contracting byssinosis 
even further. The possibility of harming human health through ingestion of 
cotton dust was dismissed after contacting rucperts (30, 31) who rei,X>rted 
there is no evidence that any disease can be caused by ingestion of cotton 
dust. In addition, the cellulosic structure of cotton is extremely bio
degradable and the possibility of cotton dust in leachate fran a landfill 
reaching an aquifer is very slight. For these reasons, landfilled cotton 
wastes are classified as non-hazardous. 

'!here was also sate concern about latex wastes because of the 
I,X>Sition the state of Georgia (32) has taken on the handling and dispo
sition of such wastes. A 1971 leachate study by Roy F. Weston (33) on 
landfilled latex wastes shCMed a small percentage of dissolved zinc 
(0. 0039 per cent by weight of the dry latex cake) . Thus a latex cake 

dewatered to 30 per cent solids would have 1. 3 ppn of zinc which could 
leach fran the cake under the stated study concii tions. '!his is less than 
the drinking water limit of 5 ppn for zinc. This leaching occurred under 
the following conditions: the latex with a nonnal pH of 11. 2 was sub
jected to acid landfill conditions and 26 consecutive days of intima.te 
water contact. No subsequent stu:lies have been undertaken to confirm and 
expand this finding and, as such, the results are inconclusive. The 
state of Georgia has taken a conservative stance and requires dewatering 
and segregation of latex in a sanitary landfill (34) because of the high 
concentration (60 per cent of production) of the carpet industry centered 
in Georgia contributing significant anounts of latex wastes to state, 
county, and nnmicipal landfills. However, the state of California, for 
example, does not consider latex wastes to be potentially hazardous. 



The problem of zinc in latex occurs only in natural and synthetic 
latex foams using sulfur crosslinking for curim and requiring zinc oxide 
as a curing aid. Latex foams represent about 18 per cent of the baclti.n:Js 
used in the carpet industry. The anDunt of zinc oxide used is approxirrately 
5 parts per 100 of dry latex. Thus, since the arrount of zinc shown to leach 
(1.3 ppn) is well within the drinking water limit, in the absence of any 
conclusive leachate studies and the stance of other states on the subject, 
we are considering dewatered latex to be mn-hazardous. 

For the reasons cited above, we are oonsidering the following 
waste streams as mn-hazardous: 

dry, dyed fabric, stock and yarn 

flock fran mechanical finishing of cloth (srearing, sueding, etc.) 

fly (including ootton dust) which may or may not be dyed, fran 
carding picking, spirming, weaving, knitting 

rags fran seam and selvage trimning 

latex 
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4. 0 TRE'A'IMENT AND DISPC6AL 'IEOiNOL03Y' 

4.1 Introduction 

Land-destined potentially hazardous wastes fran the textile 
industry are of two principal types depending on their origin -- process 
wastes, and wastewater treat:Itent wastes. Both types of wastes are the 
result of dyeing and finishing cperations; i.e., if there are no dyeing 
or finishing operations at a textile plant, then there are usually no 
potentially hazardous land-res tined wastes. 'Ihe exception to this is the 
wastewater treatrrent sludge fran wool scouring operations which contains 
both heavy metals and chlorinated organics. 

Potentially hazardous process wastes consist mainly of residual 
dyes and chenicals in drums and bags. other potentially hazardous process 
waste naterials found in 5 to 20 per cent of the plants are lint, yarn and 
fabric having excess non-fixed dye, flarmable solvents and solvent sludges. 
With the exception of the solvents, these wastes are solid, fairly low in 
rcoisture content and are handled as part of plant trash. 

Wastewater form textile plants in all industl:y categories except 
Greige Goods contain various organic substances, which may or may not be 
biodegradable. '!extile plants either treat this wastewater biologically 
or discharge without treatnent to a municipal sewer which in turn treats 
the wastewater with activated sludge. In either case the sludge builds 
up in the system and the excess has to be wasted. Both residual organics 
and heavy metals concentrate in this sludge and are the potentially hazar
dous carponents. These sludge wastes are high in rroisture content even 
after filtration or centrifuging and are handled separately fran plant 
trash. 

Aside fran moisture content, process wastes differ markedly 
fran wastewater treatment wastes: 

• Process wastes can be reduced or eliminated through housekeeping 
and segregation practices whereas wastewater trea1:Irent sludges 
cannot. 

• Plant wastewater efflu:mts contain scree of the wastewater 
treat:nent sludge as suspended solids, whereas all solid process 
wastes are land disposed or sold. 

• 'Ihe cxrnposition of process wastes can usually be estimated 
with coofidence, whereas treatrrent system sludge c:x::ll'pOSitions 
are largely unknCMn. 

In general, neither type of waste is currently considered to be hazardous 
by the textile industry. 'Iherefore, the current treat:Irent and disposal 
technology reflects this viewpoint. Process wastes are usually carbined 
with the plant trash, and wastewater treatment slu:iges are disposed of 
with no special precautions. 

A great deal of attention has been devoted to wastewater in this 
industry, but very little to land disposed wastes. 
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4. 2 Waste Management Practices in the Textile Indust.t:y 

'lhe follaving waste manageirent practices pertinent to land 
disposal were found to be currently used in the textile industry. 

4. 2 .1 Cbntrol Practices 

To avoid sending residual dyestuffs and chemicals to disposal, 
many plants send returnable drums back to the supplier, others wash out 
the dnms. Waste lint, yarn and fabric containing excess dye solution are 
sc:rret:iJres segregated from other solid wastes and disposed of separately. 
'!his segregation, while mt used for isolation of potentially hazardous 
wastes, constitutes a first step in applying any future treatrrent/disposal 
technology. 

4. 2. 2 Lagoon Storage or Retention of Sludges 

Wastewater treatnent sludges are rJ:M being stored or retained 
in the wastewater treatment systens, either in disposal ponds or in the 
bottom of ponds or lagoons that are used for aeration and activated sludge 
trea1::Irent. As this sludge builds up, it will eventually reach the level 
where other storage or disposal will becorre necessary. 

4. 2. 3 Land I?unping 

Disposal by land dtmping of both wastewater sludges and process 
wastes is practiced by s~ textile plants. Saretilres the dunping of sludges 
is on-site. Usually process wastes go to local public facilities. 

4.2.4 Land Spreading 

Wastewater treat:Irent sludges have saoo fertilizer value. 'Iherefore, 
these sludges in sarre instances are being sprayed or spread on land. Various 
tedmiques are used, often utilizing fann-type equipnent or irrigation-type 
spray units. 

4. 2. 5 General Pui'pOSe ·Landfills 

Sore of the wasted sludge and nost of the process wastes go into 
general purpose landfills. General purpose landfills are characterized 
by their acceptance of a wide variety of wastes, including garbage and 
other organic materials, and usually by the absence of special oont..ainnent, 
rroni toring, and leachate treatment provisions. General purpose landfills 
are enviromrentally inadequate for disposal of hazardous wastes because 
their use for this purpose may lead to contamination of both surface and 
ground water in the area. 
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4.2.6 General Purpose ~roved Landfills 

Only one instance was encountered where an awroved landfill 
was used for the disposal of potentially hazardous textile industry wastes. 
A plant dispooe:l of dewatere:l sludge in an approved landfill in EPA 
Region III. An approved general purpose landfill is defined to neet the 
following criteria: 

(1) The ccnp:>sition and voll.me of each hazardous waste is kn::rwn 
and approved for site disposal by pertinent regulatory agencies. 

(2) 'Ihe site is suitable for hazardous wastes. 

(3) Provision is made far nonitoring wells and leachate control and 
treatment if required. 

'!he advantages of approved landfill sites include: 

(1) Many potentially hazardous wastes may be disposed of in a 
controlled and environmentally safe fashion. 

(2) Approved landfills are nore readily available than secured land
fills. 

(3) Disposal costs for transporting to the site and landfilling are 
closer to those for general purpose sites than for secured 
landfills. 

General purpose approved landfills differ from general purpose 
landfills in construction by having (1) an inperrreable barrier to retain 
leachate, (2) monitoring installations to trake sure of the barrier inte
grity, and, (3) leachate oont:rol and treatment facilities, if needed. 
'!he following are types of general purpose approved landfills: 

( 1) Inpenreable natural clay or :rock basins .in dry climates where 
leachate may be contained without collection, treatrrent or 
disposal. 'Ihese sites are usually found in the arid southwestern 
and westem parts of the u.s. 

(2) ~:meable basins lined with clay, asphalt, plastic, rubber, 
oonc:rete or other material in dry cli.nates where ruooff control 
is necessazy. 

Many landfill areas currently labelled as "approved" do not 
confonn to the definition given above o All :references to "approved land
fills" in this :report pertain to facilities with the safeguards listed 
and not to local te.tminology o 

4o2o7 Incineration 

A few textile industl:y plants incinerate process wastes o There 
are tlt/0 areas of potentially hazardous pollution involved in incineration -
air pollution and contaminated ash containing dye and chanical carrier 
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residues and leachable heavy metals. 'Ihe air emissions probably do not 
differ greatly from those of incinerating municipal trash or activated 
sludge, since the dyes and chemicals usually oonstitute a minor PJrtian 
of the wastes. 'Iherefore air pollution abatenent facilities of nornal 
capabilities will be required. However, ash from the incinerator will 
probably contain significant quantities of heavy rretal contaminants, and 
should be considered a potentially hazardous naterial. Disposal of the 
ash in an approved landfill ought to be environmentally adequate. Chemical 
treatment, fixaticn and encapsulation are other potential alternative 
treat:rrents for land di5tx>sal. M:>st plants in the textile industry, however, 
do not incinerate process or wastewater treatment wastes because of the 
high costs of environmentally adequate incineration equipnent and the high 
oost of fuel. 

4. 2. 8 Wet Oxidation 

At least one plant is krx:Mn to have installed a wet oxidation 
process for treatrrent of wastewater sludge. 'Ihis process, which uses 
liquid phase oxidation of wastes at high temperatures and pressures, has 
the operational flexibility of achieving either partial or nearly canplete 
oxidation, as needed. Wet oxidation reduces the anount of sludge and makes 
the remaining sludge easier to dewater. It also converts much of the oon
biodegradable organic material (measured as <X>D) :to either oxidized inrx:>cuous 
canponents or biologically degradable material which can be recycled to 
the plant wastewater treatrcent system for destructioo. 'Ihis operation has 
not been in use since 1972 because the small amount of sludge generated in 
the wastewater treatrrent system makes the equipnent uneconanical to c:perate. 

4.2.9 Reclaiming 

Potentially hazardous wastes of an atypical nature found in a 
snail portion of the textile plants visited are saneti.rres reclairred. M::>st 
of these wastes contain organic solvents, either fran still bottans or fran 
solvent solutions used in finishing operations for inpregnation or ooating 
of the textile fibers. The solvent cx:rnponent of this atypical waste is 
recla:i.ned by contractors specializing in waste .reoovery. 

4. 3 CUrrent Hazardous Waste Managanent Practices 

Table 4-1 surmnarizes the treatment and disposal practices currenUy 
e:rployed by the textile plants studied. 

4. 3.1 category A - Wool Scouring 

Category A plants do rot generate dye and chemical container 
wastes. 

'Ihree of the four plants visited have wastewater treatmant 
facilities, one of which sends their overflcM from the sludge basin to 
municipal treatment. The fourth plant discharges without treatm:mt. '!\«) 
of the three plants that retain sludge have ooncrete lined retention basins. 
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Table 4-1. S)lmmcry of Treatment/Disposal Practice! at Visited Textile Plants 

Di~scl Sites 

Category/ EPA Discharge Containers Sludge Controcfor T~pe of Site 
Plant Re!lion Trpe On Off On Off Containers Sludge Containers Slu~;:e 

A-1 IV Treolrnent NA NA X I'IA No NA On-s'>e 
plus land'ilieJ 
II\U"Iicipal 

A-2 IV Direet NA NA X NA No ·NA Cn-s:'e 
londfi!!ed 

A-3 Ill Direet NA NA X NA No NA Comcany 
ovmed 
fc.:-m 

A-4 Direct, no NA NA NA NA NA NA NA I': A 
treatment 

8-1 Municipal X NA NA Yes NA SLF NA 

8-2 Direct, no X Atypical No No Dump Dum;> 
treotment solvent 

8-3 Direct X None wcsted No NA SLF NA 

8-4 Direct, no X NA NA No NA SLF NA 
treatment 

8-5 Municipal X NA NA No NA Du"" NA 

B-6 Municipal X NA NA No NA Dump NA 

B-7 IV Direct X None wasted Yes NA SLF NA 

... D-1 IV Direct X X No No SLF Dryi~s ~ed 
I 

"' D-2 IV Direct X None wasted Yes NA SLF, NA 
Private LF 

D-3 IV Direct X None wasted No NA Priva•e lF NA 

[)..4 IV Direct X None wasted Yes NA SLF NA 

[)..5 IV Direct X None wasted Yes NA Slf t-:A 

D-6 Direct X None wasted Yes NA SLF Nt.. 

D-7 M.nicipal X NA NA Yes NA SLF NA 

D-8 IV Direct X X Yes No SLF lcgocn 

D-9 IV Direct X X :"-Jo No SLF Slf 

[)..10 IV Municipal X NA NA No NA SLF I': A 

D-11 IV Direct X None wasted Yes NA SLF NA 

D-12 IV Direet X None wasted Yes NA SLF NA · 

[)..13 IV Municipal X NA NA No NA SLF I" A 

D-14 IV Direct X X Yes Yes SLF farm 



Cc!egory/ 
p;cnt 

... 
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"' 

D-15 

D-16 

D-17 

D-18 

D-19 

D-20 
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E-8 

E-9 

E-10 

E-11 

E-12 

E-13 

E-15 

E-16 

E-17 

E-18 

E-19 

E-20 

EPA 
Resion 

IV 

IV 

IV 

IV 

IV 

Ill 

IV 

IV 
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IV 
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IV 

IV 

Ill 

Di;chorge 
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Direct 

Municipal 

Direct 

Direct 

Municipal 

Direct 

Direct 

Direct 

Municipal 

Municipal 

Direct 

Direct 

Direct,. no 
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M<..nicipol 

Municipal 

Municipal 

Municipal 

Municipal 

Municipal 

Municipal 

Dir~ct 

Municipal 

Direct 

Direct 

Direct 

Direct 
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Table 4-1. Summary of Treatment/Disposal Practices at Visited Textile Plants- continued 

Conto1ners 
On 

Disposal Sites 

Off On 

X 

X 

X 

X 

X 

X 

X 

NA 

NA 

Sludge 
Off 

NA 

None wasted 

None wasted 

NA 

X 

--------------------- No Data 

None disposed 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Unknown Unknown 

NA 

NA 

None wasted 

None wasted 

NA 

NA 

Atypical 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

None wasted 

None wasted 

None wasted 

None wasted 

None wasted 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

X 

Contractor 

Containers Sludge 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

No 

Ye• 

Ye• 

No 

Yes 

Yes 

No 

Yes 

Yes 

NA 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

No 

Yes 

No 

NA 

NA 

N,t. 

NA 

Yes 

No 

NA 

NA 

NA 

NA 

Yes 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Yes 

Trpe of Si~e 
Containers Sh.:C~e 

SLF 

SLF 

·SLF 

SLF 

SLF* 

SLF 

Dump 

SLF 

SLF 

SLF 

SLF 

SLF* 

SLF 

SLF 

SLF* 

SLF* 

None 
disposed 

SLF 

SLF 

SLF* 

Private SLF* 

SLF 

SLF 

SLF 

SLF 

SLF 

SLF* 

Field en 
plont $ite 

NA 

NA 

NA 

NA 

Unkncwn 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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Table 4-1. Summary of Treatment/Disposal Practices at Visited Textile Plants- continued 

Dis~osal Sites 
Category/ EPA Discharge Conta.ners Sludge Contractor Tzee of Site 

Plant Region T~e On em On Off C::ontalners Sludge Con tamers 51u2ge 

F-1 IV Municipal X NA NA No NA SLF NA 

F-2 IX Municipal X NA NA Yes NA SLF NA 

F-3 IV Direct X None wasted Yes NA SLF NA 

F-4 IV Municipal X NA NA Yes NA SLF NA 

F-5 IV Municipal X NA NA Yes NA SLF NA 

F-6 IV Direct X None wasted No NA SLF NA 

F-7 IV Municipal X NA NA Yes NA SLF NA 

F-8 IV Direct X None wasted Yes NA SLF NA 

F-9 IV Direct X None wasted No NA SLF NA 

F-10 IV Direct X None wasted No NA SLF Nf. 

F-11 IX Municipal X NA NA Yes NA Private LF NA 

G-1 IV Municipal X NA NA No NA SLF NA 

G-2 Municipal X Atypic:al Yes NA Dump Storing in 
55-gal drums 

~ 

G-3 I IV Direct X None wasted Yes NA SLF NA 
-.I 

G-4 IV Direct Sold 
I 

None wasted NA NA NA NA 

G-5 IV Municipal X NA NA Yes NA SLF NA 

G-6 IV Municipal X NA NA Yes NA SLF NA 

G-7 IV Municipal X NA NA Yes NA SLF NA 

G-8 IV Municipal X NA NA Yes NA SLF NA 

G-9 IV Municipal X NA NA Yes NA SLF NA 

G-10 IV Direct Sold & X None wasted No NA SLF* NA 

washed 

G-11 IV Municipal X NA NA Ye~ NA SLF NA 

(1) M.unicipol - wcstewoter directed to municipal. 
(2) Direct- wastewater discharged to surface water. 
(3) NA- Net applicable because of information given earlier in table. For example, discharge of wastewater to municipal system indicates no sludge, no sludge dispose! and 

no contractor for sludge. 
{4) SLF- Sanitary landfill. 
(5) ALF- Approved landfill. 
(6) *Containers washed prior to disposal. 



All three plants landfill the sludge; two on-site and the other off-site 
on fann land CMned by the carpany. No environmental precautions are taken 
for the disposal of the wasted sludge. 

No atypical potentially hazarcbus wastes were found in this 
industry category. 

4. 3. 2 Category B - Wool Fabric Dyeing and Finishing 

'Ihe seven plants visited in category B dispose of their dye and 
dlemical containers with other plant trash off-site with no environmental 
precautions taken. Three plants use c:pen dunps and four plants used sani
tary landfills. 'lhe plants using open dtl'Ips are located in EPA Region I 
in a state that requires all <:pen dunps to be converted to sanitary land
fills over the next fav years. 

Three of the seven plants send their wastewater to municipal 
treatment systems. 'Th.U discharge without trea'l::nent to surface water. 
'Ihe remaining two have their CMn treatment facilities and retain sludge 
in unlined aeration basins. Neither of these latter plants has found it 
necessary to dispose of sludge because of the low solids build-up in their 
treatment systems. 

Two of these seven plants have atypical still botton wastes 
from the reoovery of chlorinated organic solvents used for dry cleaning 
of fabric. Both plants seal this waste in drums. one sends the drums to 
a d1.mp and the other uses a mtmicipal landfill for disposal. Both dispcsal 
nethods are enviromoontally inadequate should the drums be broken. 

4.3.3 category C- Greige Goods 

'!here are no potentially hazardous waste streams in categocy c. 

4. 3. 4 Catego:ry n - woven Fabric I?yeing and Finishing 

Twenty of twenty-me plants in catego:ry D landfill their container 
wastes off-site in general purpose landfills. Only one of the blenty 
washes their containers prior to disposal. 'Ihe twenty-first plant sends 
their container wastes to an q?Em dump. A twenty-second plant visited 
in this categocy refused to allow use of the waste treatment and disposal 
info.rmation that was obtained. 

Seventeen of these twenty-two plants have their c:wn wastewater 
treabrent facilities and, therefore, retain sludge in aeration ponds. No 
lined ponds were encountered in categocy D. '!his prc:portioo of plants 
with treatment systems is misleading with :t:espect to the entire categocy 
of plants. Plants were selected to visit with an enphasis on those having 
in-place trea~t. '!he estimated percentage of plants in this category 
not discharging to municipal trea'brent systems is only 32 per cent as 
indicated in Table 4-3 appearing later in this report. 
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Of the seventeen plants with treabnent systans, six disposed of 
sludge, nine did not and no data could be d:>tained fran u.ro. Of the six 
with sludge disposal, three dispose of the sludge on-site and three off
site. On-site disposal at two plants consisted of land spreading on fields 
around the treatment facilities. 'Ihe third plant stores their sludge in 
an unlined lagoon. One of the three plants using off-site disposal of 
sludge allCMS an E!rployee to haul the sludge to his fann for use as 
fertilizer. A second plant uses a general purpose municipal landfill to 
dispose of its sludge. No disposal site infonnation was available from 
the third plant. 

'Tho instan~ of atypical potentially hazardous wastes were 
encountera:l in this industcy category. '!he hazardous constituent of both 
were flarnnable hydrocarl:>an solvents. 'Ihese wastes are presently mixed 
with plant trash and disposed of in a general purpose landfill. 

This category of the textile industry is the one with the 
largest production. No evidence was found of any precautions in the 
disposal of potentially hazardous waste streams. 

4. 3. 5 category E - Knit Fabric Dyeing and Finishing 

All the plants visited in category E that dispose of their 
oontainer wastes, dispose of them in general purpose landfills, usually 
cperated by municipalities or oounties. Only one of the twenty plants 
visited did not landfill oontainer wastes. This plant used the containers 
for trash barrels or allCMed erployees to take them hare apparently for 
the sane purpose. Six of the nineteen plants that use landfill as a dis
posal rrethod wash their oontainers free of residual dyes and chemicals 
prior to disposal. 'Ihis practice ccmverts the oontainers into inoocuous 
waste. 

Eight plants have treat:IMnt systems and are accumulating sludge 
in their aeration ponds, only one of which was concrete lined. One plant 
discharges wtihout treatnent to surface water, and eleven plants discharge 
to municipal treatment systems. 'Ihe CXI'I'lrent in Section 4. 3. 4 regarding 
the ratio of direct disdlarges to municipal disdlargers applies here also. 
It is estilnated that cnly 17 per cent of the plants in this category have 
their own treatrrent systems. 

'1\o.u of the eight plants with treatnent systems dispose of sludge. 
One plant stores its wasted sludge in an unlined lagoon on-site and the 
other dewaters its sludge to 20-25% solids and disposes of it in an 
approved landfill. 

'lWO plants were found with atypical wastes. One plant generates 
a still bottan waste fran acetone recovery and disposes of it through 
incineration by a hazardous waste disposal contractor. '!he other plant 
generates a still bottan waste fran perchlorcethylene recovery which is 
sent to a oontract:or for reclamation. 

'!his category of the industry has denonstrated the most interest 
in the enviromnentally adequate disposal of its potentially hazardous 
waste streans. 
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4. 3. 6 Category F - £a;J.:et Dyeing and Finishing 

All eleven plants visited in ca.tegoey F dispose of their dye 
~emical container wastes off-site in general purpose landfills. 
Ncne of the plants cleaned the cxmta:iners prior t:.o disposal. 

Five of these plants have treatxtent systems and are aco:mJ.lating 
and retaining sludge in their aeratioo basins, which are all unlined. 
Only one plant disposes of sludge, which is a very small amount to an on
site sludge drying bed. 

'Ihree of the eleven plants have an atypical potentially hazardous 
waste consisting of lint that is \\let with non-fixed dye solution. All 
three landfj J l this waste with plant trash. 

4. 3. 7 Category G - Yarn and Stock Dyeing and Finishing 

Nine of the eleven ca.tegoey G plants visited dispose of their 
dye and chanica.l cx:mtairer wastes in general purpose landfills. One 
plant sends o:mtainer wastes to an open d1.IriJ and another sells the ccn
tai.ners. Only one plant washes the containers prior to disposal. 

'Ihree plants were found to have treat:ltent systems and are 
aa=umulating sludge in unlined aenticn basins. '!here is m sludge dis
};X:lsal in this catego.ty l::ecause of very slew solids build-up in the treatmmt 
systsns. 

One of these eleven plants has an atypical potentially hazarcb.ls 
waste stream consisting of flamnable solvent and resin slw:ries from yam 
finishing cperations. 'Ihls waste is sealed in drums and stored on the plant 
site awaiting a decision on disposal. 

4. 4 c.atcarison of on-Site Vs. Off-Site Treatmmt and Disposal 

4. 4.1 Ccnta.iner Wastes 

All the plants visited that dispose of container wastes use off
site disposal. '!he follc:wing is a S\.1ItiMJ:Y of the prcportions of use of 
contractors for oont:airler waste disposal: 

Indus tty 
catego:;y 

A - ~1 Scouring 
B - ~1 Fabric D and F 
0 - Woven Fabric D and F 
E - Knit Fabric D and F 
F- cazpet D and F 
G - Yam and Stock D and F 

Percentage of Plants 
Q::lntractor Disposai Piarit Disposal 

29 
67 
74 
64 
so 

- no container wastes -
71 
33 
26 
36 
20 

'I11e disposal sites are all local, usually within 16 kilareters (10 miles} 
of the plant. 
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4. 4. 2 Sludge Wastes 

Plants with wastewater treat:Irent systems all retain sare sludge 
in their treatirent :fOnds. Disposal of sludge is necessary only when the 
solids level in the wastewater treament system builds to a point where 
the efficiency of the biological system would be affected. The foll<Ming 
is a sumnacy of those plants which were visited that dispose of sludge: 

Percentage 
of Percentage Percentage 

Plants With of of Plants 
Treat:Irent 'Ihat Plants wastins Using 

categocy Waste Sludge ~Site Off-Site Contractors 

A 100 67 33 0 

B 0 NA NA NA 

D 41 50 50 33 

E 0 NA NA NA 

F 0 NA NA NA 

G 0 NA NA NA 

Off-site disposal of sludge is local, usually within 16 kilareters (10 miles) 
of the plant. Sorce of the plants that presently use on-site disposal of 
wasted sludge would prefer to dispose of the sludges off-site in sanital:y 
landfills and are currently seeking pennission fran local authorities to do 
so. 

4.4.3 A~ical Wastes 

Off-site disposal of the atypical wastes of these industries was 
the practice at all plants studied except cne. 'Illere the waste is stored 
in metal druns on-site awaiting pemi.ssioo fran local authorities for dis
posal at the local municipal landfill. 

4. 5 Safeguards E)!J?loyed by the Textile Industry 

In general, the textile industry handles dye and chemical ron
taminated oontainers and wastewater treabrent sludges as non-hazardous 
materials. :t-Dst plants canbine these ccntainers with trash in landfills. 
A few wash or clean the oontainers prior to disposal, reuse, sale, or 
retum. 'lhe others leave a small amount of residual dyes and chemicals 
clinging to the surfaces of the disposed oontainers. Wastewater trea'I::Irent 
sludges are usually land disposed without any environnental safeguards. 
only one plant was fotmd to dispose of dewatered sludge in an approved 
landfill. Several retain their sludges in concrete lined basins. 
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4. 6 Hazardous Waste Managenent by Private Contractors 

Many plants dispose of process and wastewater treatment wastes 
by. contractors. Generally these contractors haul wastes to a disposal 
site where one or more of the disposal practices discussed previously 
is carried out. A list of these contractors appears as Apperxli.x B. 

'lhree types of services are perfonred by different contractors: 

(1) Haulers who perfonn no function other than transporting the 
wastes to the nearest public landfill. 'Ihese contractors are 
normally the ones that handle trash including dye and chemical 
containers. 

(2) Private landfill disposal by operators wOO may also do the 
hauling. The wastes that these cperators will accept varies 
depending on the location and nature of their disposal area. 
This includes "unlicensed" contractors who remJVe sludge and 
spread it on their own land as a fertilizer. 

(3) Hazardous waste contractors disposal. 'Ihese oontractors accept, 
treat, and dispose of hazardrus materials as a major portion of 
their business and are equipped to handle thE!!\. Hazardous 
waste contractors presently are rarely used by the textile 
industry except for solvent-a:ntaining wastes. 

Private em tractors handling dye and chemical containers mixed 
with trash take no environmental precautions. 

Sludge is saretirtes disposed of by private oontractors and, 
when it is, envi:romental precautions cu:e usually minimal. Landfilling, 
land durtping, and land spreading are used in the sane manner as by textile 
plants. One notable exception was fourrl where dewatered sludge was dis
posed of in an approved landfill. 

In a nunber of cases the waste solvents and solvent sludges are 
handled in an enviramentally adequate fashion by reclaiming and 
incineration. 

4. 7 Treatnent and Di 

For pw:pose of presenting potentially hazardous land-destined 
textile wastes and their levels of treatnent and disposal in an orderly 
fashion, three categories of wastes are considered: 

• COntainers with residual dyes and chemicals, 

• Wastewater treat:rrent sludges, 

• Other atypical, potentially hazardous wastes. 
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'1he oontainer wastes and wastewater treatment sludges are both camon to 
most of the industry and, to avoid needless repetition, their treatnent 
and disposal technologies are presented on an overall industry basis. 'l1l.e 
atypical wastes are oove1:ed individually, identified as to origin and 
specific caments ma.Ce as to pertinent teclmology. 'lhe three tedmology 
levels are defined as follows: 

Level I - Technology currently employed by typical facilities; i.e., 
broad average present treatment and disposal practice. 

revel II - Best technology currently etployed. Identified teclmology 
at this level must represent the soundest process, fran 
an enviromental and health standpoint, currently in 
use in at least one location. 

Level III - Technology necessary to provide adequate health and environ
mental protection. Identified technology may include 
pilot or bench scale processes proV'ided the exact stage 
of develc:pnant is identified. Level III technology 
as defined in this report represents contractor juigrrent, 
and not that of the EPA. 'lhi.s level of technology as 
defined for a particular potentially hazardous waste 
stream is merely an atte!tpt by the ccntractor to define 
an enviromentally acceptable technology. Thus, the 
~ology level defined s:OOuld not be interpreted as a 
basis for future regulations. It is not basis for future 
regulations. It is not based an oost-benefit, econanic, or 
other analysis required to apprcpriately define level III 
technology. 

The levels of technology determined for the potentially hazardous 
land-destined waste streans in this industcy are p1:esented in Tables 4-2 
and 4-3. Table 4-2 deals with dye and chemical containers with residual 
contamination and Table 4-3 deals with wastewater treatnent sluiges. 
Table 4-4 sunrnarizes the other atypical, potentially hazardous waste streams 
and their treat:m:mt and disposal. Figures 4-1, 4-2 and 4-3 illustrate 
the three levels of tedmology for the treat:lrent and disposal of potentially 
hazardous lan:l-destined wastes in the textiles industry. 

4. 7.1 Dye and Chemical COntainer Wastes 

category A (wool scouring) generates no dye and chemical container 
wastes. All other textile industcy plants that dye and finish their 
products have oontainer wastes. M:>st of these facilities di.s};x>se of 
these containers with their small arrounts of residual dyes and chemicals 
in sanitary landfills. 'Ibis amsti tutes revel I technology. levels II and 
III technologies are similar with the exception of washing and cleaning 
the containers prior to disposal. This practice adds a snail anount of 
rEM waste to the wastewater going to treatment, but transfOlltS a potentially 
hazardous laid-destined waste stream to innocoous trash. 
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Factor 

Treatment/Disposal 
Technology 

Estimate of Number 
and (Percentage) 
of PI ants Now 
Using Technology 

Present Adequacy 
of Technology 

Table 4-2. Levels of Technology for the Dye and Chemical Container Waste Streams 

Landfilling 

Category: 

B 
D 
E 
F 
G 

Level I 

Technology 
Landfilling 
64 (57) 

620 (95) 
480 (65) 
144 (100) 
252 (73) 

Disposal practices environmentally 
inod~quate 

Level II 

Washing and cleaning of containers prior 
to disposal 

Category: 

B 
D 
E 
F 
G 

Technology 

Wash & Clean 
0 (0) 

33 (5) 
220 (30) 

0 (0) 
31 (9) 

Environmentally adequate 

Same as Level II 

Same as Level II 

Same as Level II 

Level Ill 

~-----------------------------------------------------------------------------------------------------------------------------

~ Future Adequacy 
of Technology 

Description of 
Residual Potentially 
Hazardous Wastes 
(kg/kkg of production) 

Physical and 
Chemical Properties 

Environmentally inadequate 

Category: Dyes Chemicals 

Container Dyestuff Container Chemical 

B 1.3 0.006 1.6 0.02 
D 0.47 0.0023 0.77 0.04 
E 0.9 0.0023 0.92 0.0015 
F 0.13 0.0007 0.18 0.0008 
G 0.87 0.002 2.2 0.02 

Containers have residual solid and liquid 
dyestuffs and chemicals clinging to their 
surfaces 

Environmentally adequate 

No potentially hazardous wastes 

Containers ore clean -there are no 
remaining residues 

Same as Level II 

Same as Level II 

Same as Level II 



Factor 

Factors Affecting 
Hazardousness 

·Reliability of 
Technology 

Limitation of 
Technology 

Problems and 
Comments 

Compatibility with 
Existing Facilities 

Non-Land Environ
mental Impact 

Energy Requirements 

Table 4-2. Levels of Technology for the Dye and Chemical Container Waste Streams- continued 

Level I 

(1) Composition and amount of 
potent iolly hazardous dyes and 
chemicals used in plant. 

(2) Ambient conditions for landfills
pH level, leachate character, 
soil permeob i I ity 

Technology not reliable for maintaining 
environmental safeguards 

Allows potentially hazardous residual 
dyes and chemicals to be landfilled 

Container residues are presently handled 
as non-hazardous materials 

Disposal facilities already exist 

Possible ground and surface water 
contamination 

Slight -containers represent only a small 
portion of landfilled trash 

Level II 

None 

Reliable 

None 

Simple washing and cleaning of 
containers transforms potentially 
hazardous waste into environmentally 
safe innocuous waste 

No new facilities needed 

Will slightly increase row waste 
load to water treatment system 

None 

Some as Leve I II 

Some as Level II 

Same as Level II 

Some as Leve I II 

Same as Level II 

Same as Level II 

Some as Level II 

Level Ill 



... 
I .... 

Q\ 

Factor 

Monitoring and 
Surveillance Techniques 

Installation Time for 
New Facilities 

Table 4-2. levels of Technology for the Dye and Chemical Container Waste Streams- continued 

level I 

None e1r4>loyed 

None needed 

level II 

Visual check of containers prior to 
disposal 

None needed 

level Ill 

Same as level II 

Same as level II 



Factor 

Treatment/Disposal 
Technologies 

Estimated Number 
and (Percentage) 
o~ Plants Now 
Using T ec~ology 

Present Adequacy 
ofT echnologies 

Future Adequacy 
of. T echnol ogi es 

Table 4-3. Levels of Technology for the Wastewater Treatment Sludges 

level I 

(1) Retention of sludge in treatment 
ponds 

(2) General land disposal of wasted 
sludge 

Category: Technology 
Retention of Land Disposal of 

Sludge · Wasted Sludge 
A 8 (50} 8 (100) 
B 39 (35) 0 (0) 
D 208 (32) 86 (41). 
E 125 (17} 0 (O) 
F 43 {30} 0 (0} 
G 65 (19} 0 (0) 

Retention and disposal practices are 
environmentally inadequate 

Adequacy of practices will not be 
improved as wastewater treatment 
BPTC.'. and BATEA technologies are 
required and sludge volumes increase 

level II 

(1) Retention of sludge in I ined treatment 
ponds 

(2) Disposal of wasted sludge in approved 
landfill 

Category: Technology 
Lined-Pond Approved Land-
Retention fill Disposal of 
of Sludge Wasted Sludge 

A 5 (67) 0 (O) 
B 0 (0) 0 {0) 
D 0 (0) 0 (0} 
E 15 (12) 15 (12} 
F 0 (0) 0 (0) 
G 0 (0) 0 (0) 

Retention of sludge in lined ponds and 
approved landfilling ore environmentally 
adequate. 

Will depend on the type and effectiveness 
of tha pond lining. Approved landfilling 
will be environmentally adequate. 

Level Ill 

(1) Same as Leve I II 
(2) Same as Level II • 
(3) Incineration plus ash disposal in approved 

landfill (alternate method for technology 
2) 

(1) Same as leve I II 
(2) Some as Level II 
(3} Incineration plus disposal of ash in approved 

landfill - 0 plants (0%) all categories 

(1) Same as Level II 
(2) Same as Level II 
(3) Incineration will require adequate contain

ment of air pollutants plus safe disposal of 
ash.· 

(1) Same as Level II 
{2) Same as Level II 
(3) lncineraHon will require adequate contain

ment of air pollutants plus safe disposal of 
ash. 



Factor 

Description of 
Residual Potentially 
Hazardous Wastes 

Physical and 
Chemical 
Properties 

Table 4-3. Levels of Technology far the Wastewater Treatment Sludges- continued 

Level I 

(1) Retained sludge in kilograms/typical 
plant 
Category: ___ D_r.._y ____ W~et __ 

A 780 
B 1.6 
D 67 
E 400 
F 5.2 
G 2.9 

7800 
20,000 

7300 
60,000 
22,000 
20,000 

(2) Wasted sludge in kg/kkg of product 

Category: __ "'D:=:ry!-----=W=e=-t __ 
A 570 5700 
B 0 0 
0 20 2300 
E 0 0 
F 0 0 
G 0 0 

(1) Retained sludges range in solids content 
from < 1 o/o to 10% depending on the 
industry category. 

(2) Wasted sludges range in solids content 
from 2% to 10% depending on the 
industry category and the method of 
sludge disposal used. land spraying with 
irrigation-type equipment requires low 
solids content. land spreading and land
filling of solids requires high solids con
tent. Also, depending on the wastewater 
treatment involved, these solids may be 
mostly organic (activated sludge with 
residual dyes, heavy metals and chemi
cals) or mixtures of these organics with 
inorganics such as limes, alum, and 
iron compounds. 

(1) Same as Level I 
(2) Same as Level I 

Level II 

Except that wasted sludge would have a 
higher solids content depending on the 
degree of dewatering before approved 
landfilling. 

(1) Same as level I 
(2) Approved landfilling normally requires 

sludge dewatering prior to disposal. 
Solids after dewatering range from 10 
to 25 percent. 

(1) Same as Level I 
(2) Scme as Level I 

Level ill 

{3) Incinerator ash weights wi II vary whh 
content of original sludge 

(1) Same as Level I 
(2) Same as Level II 
(3) Incineration will normally require sludge 

dewatering. 
Ash from incineration will contain primarily 
inorganic chemicals including potentially 
hazardous heavy metals. 



Foetor 

Factors Affecting 
Hazardousness 

Reliability of 
Technologies 

limitation of 
Technologies 

Problems and 
Comments 

Table 4-3. levels of Technology for the Wastewater Treatment Sludges- continued 

level I 

(1) Permeability of soil under retention 
ponds 

(2) Composition and amount of potentially 
hazardous dyes and chemicals used in 
plant 
Ambient conditions for lend spreading 
or londfilling- pH level, permeability 
of soil around landfills, and proximity 
of surface end ground water 

Present technologies not reliable for 
environmentally adequate disposal. 

(1) Sludge retention in unlined ponds can 
possibly result in percolation to ground 
water supplies 

(2) Land disposal of potentially hazardous 
sludge by londfilling or land spreading 
in uncontrolled facilities con lead to 
leachate end runoff problems. 

Sludges are now considered by the industry 
to be non-hazardous materials. Additional 
work needs to be done to establish: 
(a) the effect of on aerobic deoomposi tion 

of dyestuffs 
(b) the environmental impact of land 

spreading and londfilling of potentially 
hazardous sludges from the textile 
industry 

Level II 

(1) Integrity of pond liners; i.e., cracking 
of concrete liners or chemical attack 
on plastic liners 

(2) Proper management of approved landfill 

Good. Technologies are widely used ond 
demonstrated in this and other industries. 

(1) Same approved pond liners may be 
chemically attacked or inadvertently 
tom or cracked 

(2) Approved landfill liners may also 
deteriorate 

(1) Costs to line aeration basins will be 
high 

(2) There ore very few approved londfi lis 
where most of the textile industry is 
located 

Level Ill 

(1) Some as Level II 
(2} Some as Level II 
(3} Incineration concentrates any potentially 

hazardous inorganic component of original 
sludges. Proper management of approved 
landfill. 

Same as Level II 

(1) Same as Level II 
(2) Some as Level II 
(3) Incineration - none. 

(1) Same os Level II 
(2) Same as Level II 
(3) The costs of environmentally adequate 

incineration equipment are high. Fuel 
costs are high and some fuels ore not 
available. Contract incineration may not 
be available to textile plants. 



.1>. 
I 

N 
0 

Foetor 

Compatibility with 
Existing Facilities 

Non-Land 
Environmental 
Impact 

En~rgy 
Requirements 

lv\onitoring and 
Survei I lance 
Techniques 

Installation Time 
for New 
Facilities 

Table 4-3. Levels of Technology for the Wastewater Treatment Sludges- continued 

Level I 

Retention and disposal facilities already 
exist 

Possible ground and surface water 
contamination 

(1) None 
{2) Slight- pumping, handling and hauling 

of land disposed sludges 

None employed 

No new facilities required 

Level II 

(1) Can line existing pond if necessary 
(2) Good. Sludge dewatering is an add-on. 

Approved landfi lis are separate 
installations. 

None, provided adequate safeguards ore 
taken with pond liners and approved 
landfi lis 

(1) None 
(2) Slight - handling and hauling of lond

fi lied sludges 

Surface and ground water monitoring for 
leachate. 

Pond liner- 6 months 
Sludge dewatering - 12 months 
Approved landfill- 12 months 

Level Ill 

(1) Same as Leve I II 
(2) Same as Level II 
(3) Centrad incinerators are separate i.~stalla

tions. On-site incineration is an add-on. 

(1) Same as Level II 
(2) Same as Level II 
(3) Air wastes from incineration. None with 

environmentally adequate incinerator. 

(1) None 
(2) Same as Level II 
(3) Incineration - large fuel requirements 

(1) Same as Level II 
{2) Same as Level II 
(3) Incineration - air pollution monitoring 

required 

Some as Level II, incineration- 12 f!lO:lths 



Table 4-4. Atypical Potentially Hazardous Textile Industry Wastes 

Subcategory Waste Description Qumtity (Dry) No. of Plants Pcter.tial Comments on 
(ka/kka of Product) (% of Plants) Hazards Involved Treatment/Disposal Technolo~.n:: 

A No atypical wastes 

8 Still bottoms from recovery of dry- 5 2 of 7 plants Air polh.rtion, ground Presently sealed in drums 
cleaning chlorinated solvents visited (28%) water contamination and sent to landfills or 

land dumps. 
Future environmentally 
adequate treatment/disposal 
con be by reclaiming or 
incineration. 

D Hydrocarbon solvents and sludges 50 1 of 22 plants Air pollution, fires Presently landfilled. Future ..,. 
visited (4.5%) environmentally adequate I 

"' treatment/disposal con be by ..... 
reclaiming or incineration. 

D Finishing sludges containing 333 1 of 22 plants Air poii.Aion, fires Presently londfilled. Future 

adhesives, silicones, and solvents visited (4.5%} environmentally adequate 
treatment/disposal can be by 
reclaiming or incineration. 

E Acetone recovery still bottoms 63 1 of 20 plants Air pollution, fires Presently incinerated by 
visited {5%) hazardous waste disposal 

contractor-environmentally 
adequate. 

E Perchloroethylene still bottoms 10 1 of 20 plants Air pollution, ground Reclaimed by contractor at 
visited {5%) water contamination no cost to plant - environ-

mentally adequate 



Subcategory 

F 

G 

Table 4-4. Atypical Potentially Hazardous Textile Industry Wastes- continued 

Waste Description 

Lint wet with non-fixed dye 

Solvent and resin slurries from yarn 
finishing operations 

Quantity 
(kg/l<kg of Product) 

12 
(20 wet) 

0.09 

No. of Plants 
(% of Plants) 

3 of 11 plants 
visited (27%) 

1 of 11 plants 
visited (9%) 

Pcter.ticl Comments on 
Hazards Involved Treatment/Disposal Technoloay 

Pollution of surface end Presently landfilled, w:th 
ground water trash. Future environ

mentally odeq uate treat r.'.er.t/ 
disposal technologies include 
washing, approved landfillir.g, 
or incineration. 

Air pollution, fires Presently sealed in drums 
and stored on-site. Futu~e 

environmentally adequate 
treatment/disposal optio:1s 
include reclaiming, approve:d 
landfill ing or incinerct len. 



Figure 4-1. TYPICAL MODEL OF LEVEL I TECHNOLOGY FOR 
POTENTIALLY HAZARDOUS WASTE STREAMS IN 
THE TEXTILES INDUSTRY 
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Figure 4-2. TYPICAL MODEL OF LEVEL II TECHNOLOGY FOR POTENTIALLY 
HAZARDOUS WASTE STREAMS IN THE TEXTILES INDUSTRY 
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Figure 4-3. TYPICAL MODEL OF LEVEL Ill TECHNOLOGIES FOR POTENTIALLY 
HAZARDOUS WASTE STREAMS IN THE TEXTILES INDUSTRY 
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'Ihe percentages of plants shown in Table 4-2 using the Levels 
I, II and III technologies were estimated f:ran the plant visit data. 'Ihe 
mmber of industry-wide plants using the technologies were derived by 
applying these percentages to the total mmber of facilities in each 
indus try category. 

Because dye and chemical containers can be decontaminated by 
washing, there is no need for hazardous waste disposal technology. Only 
good waste control practices are required prior to disposal of containers. 

4. 7. 2 Wastewater Treatment Sludges 

The data on treat:rrent and disposal of wastewater treaf::nent sludges 
are sumnarized in Table 4-3. 'Ihere are n..u ways that sludges generated 
in textile dyeing and finishing plant was"tetlater treatnent facilities can 
pose a hazard to the enviromrent. One is through landfilling, land spreading 
or land durrping of wasted sludge with potentially hazardous consti toonts 
in places with no controls an leachate or nmoff. The other way is through 
use of an unlined, non-impervious aeration basin where the sludge is being 
generated and retained until rerroval becares necessary. 

I.evel I technologies for the handling and disposal of this sludge 
consists of the retention of sludge in unlined aeration basins and the 
disposal of wasted sludge in general purpose landfills or dunps or land 
spreading on farmland. 

I.evel II technologies were found to be the use of lined aeration 
basins to prevent the percolation of retained sludge and the disposal of 
dewatered sludge in an approved landfill. 

Level II technologies are also Level III. Additional Level III 
tedmology is the incineration of dewatered sludge and approved landfilling 
of the residual ash. Incineration by a contractor ~uld prd::lably be 
selected by the industJ:y over installaticn of on-site incinerators because 
of the high cost of environrrentally adequate incinerators. · 

Of oourse, sludges are generated in only those facilities having 
their own wastewater treatnent systems. 'Ihe percentages listed of those 
plants in each industry category that retain sludges were obtained fran 
reference 10. 'Ihese correspond to ~ per cent of each industry segnent 
with treatm:mt systems. The number of plants in each category that retain 
sludge was obtained by applying these percentages to the total number of 
facilities in each category. 

'Ihe percentage of plants with treabnent systems that dispose of 
sludge was deteiinined fran the plant visit data. 'Ihe industry-wide nl.l!Tber 
of plants wasting sludge was cbtained by applying these percentages to the 
total mmber of plants in each category that retain sludge (have treat:m:mt 
systems). 
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BPC'ICA and BA'IEA stand for "best practicable technology currently 
available" and "best available teclmology eoonomically achievable" which 
are used with reference to the wastewater treat:nent technologies and 
effluent standards to be achieved by 1977 and 1983, respectively. 

4. 7. 3 Discussion of the Atypical Potentially Hazardous Wastes 

The information on atypical potentially hazardous wastes is 
SlJt'I['[ICirized in Table 4-4. MJst of these wastes are organic sol vents. 
Unlike the ccntainer and water treatrrent sludge wastes which are potentially 
hazardous from a toxicity standpoint, these atypical wastes are potentially 
hazardous primarily because of flamnability. These wastes are sorretimes 
recognized by the textile industry as potentially hazardous and are disposed 
of by envirannentally adequate neans such as reclaiming or incineration. 

other atypical wastes such as lint containing excess dye are 
currently being landfilled, but can be treated and disposed of in environ
nentally adequate fashion by washing, approved landfilling or incineration. 

4. 7. 4 Other Treatm:mt and Disposal Tedm)l.ogy Q?ticns 

4. 7. 4 .1 Specialized Approved Landfills 

General purpose ~:roved landfills accept a wide variety of waste 
materials. These may be either a public facility or privately-owned. 
Another type of approved landfill is ooe designed and used by an individual 
plant or oonpany for only their wastes. Nonnally such facilities are 
installed only when the waste volume is large or there is sufficient hazard 
for the c:xxnpany to want to retain ultimate control of waste material. These 
landfill areas have all the characteristics described for general purpose 
approved landfills - inpenreable barriers, noni.toring, and leachate 
control and treatrrent. 'Ihey present a nmiler of advantages over general 
pw:pose landfills: 

• handling and hauling charges are minimized; 

• interactions with other wastes can be oont:r:olled or eliminated; and 

• control of ultimate treabnent/disposal conditions is maintained. 

scree textile plants have sufficient wastewater treat:nent sludge to warrant 
specialized approved landfill disposal, that is, disposal in a landfill 
that handles only sudl material. Harever, this has not been found in use 
in the textile industry. 

4.7.4.2 Ocean Disposal 

At least one textile cxmpany is known to have in the past used 
ocean disposal for its wastewater treat:nent slu:lges. Presently, there 
is m Jala.ln ocean disposal practiced in the imust:ry. 
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4. 7. 4. 3 Chemical Fixation of Wastes 

'!here are a number of processes for cx:mverting potentially 
hazardous sludges into relatively innOCtDus solid materials by chemical 
fixatim. 'lhese processes involve reaction of cenents, lirre, nortars, plaster
of-paris, and silicates and other readily available low-cost inorganic chenr 
icals with sludge to produce a solid material with re:iuced leachability of 
rretals and other CCI'rp)nents such as oil and organics. 'Ihe degree of "fixation" 
depends on the chemicals used and the nature of the sluige. The applicability 
of this treatment technology to textile sludges has not been denonstrated. 

4. 7 .4.4 Encapsulation of Wastes 

Land-destined hazardous wastes may be physically encapsulated 
in inpe:r::vious materials such as CXI'lcrete, asphalt or plastics prior to dis
posal. 'Ihi.s technique is nonnally reserved for relatively small voltiTles 
'of very hazardous materials and is not a practical application for the 
potentially hazardous wastes of the textiles industry. 
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5.0 COST ANALYSIS 

5 .1 Introduction 

Although the types of wastes and the waste treatnent and disposal 
technologies for nost textile industry categories are similar, the am::>unts 
of wastes differ fran category to category. Costs of treatirent and disposal 
are detennined by both the treat:nent and disposal technology used and the 
arrount of waste involved. Other factors influencing disposal costs are 
the use of municipal sewage treatment systems and the indefinite retention 
of sludges in the plant trea'bnent system ponds. Sending the wastewater to a 
m.micipal system, for exanple, not only transfers the generation and disposal 
of the potentially hazardous sludges to the municipality, it also transfers 
the sludge disposal costs as well. Ietention of sludge in a plant's waste
water treatirent system may continue for 5 to 10 years or even longer without 
the need of renoval for disposal. Sludge disposal costs are zero during 
this period. If and when sare sludge has to be disposed of, costs are then 
incurred. These and other factors which significantly influence costs are 
discussed as they apply in the individual industry categocy a:>st analysis 
sections. 

5. 2 Techniques and AsSl!!J?tions Used 

5. 2 .1 Sources of Cost Info:r:mation 

Cost infol:Illation containe:i in this report was assanbled directly 
fran industcy, fJ:an waste treatment and disposal a:>ntractors, engineering 
fil:IIG, equipnent suppliers, govenment sources, and published literature. 
Whenever possible, costs are based on actual installations, engineering 
estimates for projected facilities as supplied by a:>ntributing CXI'Il?anies, 
or fran waate treatirent and disposal em tractors' qu:>ted prices. In the 
absence of such infol1!lation, a:>sts estimates were developed insofar as 
possible from plant-supplied costs for similar waste treatrnents and disposal 
for other plants or industries. 

Cross-checks were also made, whenever infonnation was available, for 
treatnent and disposal costs fran different sources, such as contract dis
posal carpanies. 

5.2.2 Cost References and Rationale 

5. 2. 2 .1 Inte:rest COSts and Equity Financing Charges 

capital investnents involve the expenditure of rroney which must 
be financed either on borrowed nDney or fran intemal equity. Estimates 
for this study we:re based on 10 per cent cost of capital, rep:resenting a 
cx:trpesite nl.lllber for interest paid or return on invest:Irent required. 'Ihis 
value was established as reasonable by discussioo.s with industry. 
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5.2.2.2 Time Index for Costs 

All cost estimates are based on current prices and when necessary 
were adjusted to this basis using the chemical engineering plant oost index. 
The inflationary nature of the past years makes it particularly inportant 
that this 1975 oonstant dollar basis be cited for any oost estimation 
purposes. If desired, current oosts may be oonverted to n=canber 1973 valoos 
(used in similar studies on different industries in the past) by multiplying 

by a factor of 0.82. 

5. 2. 2. 3 Useful Service Life 

'!be useful service life of treatment and disposal equiprent varies 
depending on the nature of the equiprent and process involved, its usage 
pattern, maintenance care and n\.literous other factors. Individual cx::npanies 
have their own service life values based on actual experience and use these 
values for internal aroortization. A seoond source of such informaticn, 
based on other factors less relevant than c:x:npany experience, is Internal 
Ievenue Service guidelines. 

Based on discussions with industry and cmdensed IRS guideline 
information, the following useful service life values were used: 

Item Estimated Useful Service Life, Yrs. 

( 1) General Process EquiiJtent 10 
(2) Incineration, Distilling and Ietorting 

Equiprent 5 
(3) Porrls, Li~ and Unlined 20 
( 4) Trucks, Bulldozers, Loaders and other such 

materials handling and transporting 
equir:nen t 5 

5.2.2.4 Capital Costs 

Capital costs are defined, for the pw:poses of this report, as 
all front-end loaded, out-of-pocket expenditures for the provision of 
facilities. These oosts include equiiJtent, construction and installaticn, 
buildings, services, engineering, special start-up costs and oontractor 
profits and contingencies. 

When capital oosts are krlcMn for a specific plant using a given 
treatment and disposal tedmology, oost adjustrrent to the typical plant 
size was made using e~tial factors of size. 'Ihe oost of process equipnent 
is scaled by an e:xfX)nent of 0. 6 and costs for treatnent or disposal ponds 
by an e:xfX)nent of 1. 0. This latter eJqX>nent was applied to any capital 
i tern for which no appreciable econany of scale is awrq>riate. 

5. 2. 2. 5 Annualized Capital Costs 

Al.n'ost all capital costs for treatment and disposal facilities 
are front-em loaded; i.e. , IlDSt if not all of the ncney is spent during 
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the first year or two of the useful life. '!his present worth sum can be 
oonverted to equivalent unifonn annual disbursarents by utilizing the 
Capital Reoove:ry Factor Method: 

Unifonn Annual DisburseitWant = P i (l+i) nth :power 
(l+i)nth power - 1 

Where P = present value (capital ~ ture) 
i = interest rate, %/lOO,n = useful life in years 

The capital reoove:ry factor nethod is used for all annualized 
capital costs in this report, which, in effect, would be similar to oonstant 
annual paynents on principal and interest where capital facilities are 
paid for through a cxmstant payrrent mortgage. 

5.2.2.6 Treatment of Land Costs 

Land-destined hazardous wastes require rerroval of land from 
other eccnanic use. The arccunt of land so tied up will depend on the 
treatment/disposal nethod arployed and the am::runt of wastes involved. 
Although land is non-depreciable according to IRS regulations, there are 
nmerous instances where the market valua of the land for land-destined 
wastes has been significantly and pennanently reduced, or actually becare 
unsuitable for futnre use due to the nature of the stored waste. Therefore, 
where necessary, oosts estimates have assuned land values and capital 
reoove:ry en the following basis: 

(1) If land requirem:mts for on-site treatment and disposal are rot signi
ficant, then no oost allowance was made. 

( 2) Where on-site land requiremants are significant and the storage or 
disposal of wastes does not affect the ultimate market value of the 
land, oost estimates include only interest on invested rroney. 

(3) Fbr significant on-site land requiremmts where the ultimate market 
value and/or availability of the land was seriously reduced, cost 
estimates include both capital depreciation and , interest on invested 
rroney. 

(4) Off-site treat:nent and disposal land requirenents and oosts for ron
tractors are not oonsidered directly. It is assured that land oosts 
are included in the contractor's fees along with other eJ<Penses and 
profit. 

In view of the extrene variability in land costs, no attenpt was 
made to set different land values for each plant, indust:ry or location. 
Instead, a value of $2,500/hectare ($1,000/acre) was assured. 
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5.2.2.7 aperating ~enses 

Annual costs of operating the treatnent and disposal facilities 
include labor, supel:Visian, materials, maintenarlCE, taxes, and insurance. 
The operating oosts canbined with annualized capital oosts give the total 
annual oosts for treatm:mt and disposal q:>erations. 

a. Labor and Supervisicn Costs 

Based on discussion with textile industry plant rnanaganent 
personnel, the follc:Mi.ng labor oosts were used: 

catego:cy $(00ur 

P:rocess operators, plant laborers -- 5. 00 

Truck driver, equipment operators -- 5.00 

Supervision-- 7.50 

The above figures include fringe benefits and plant overhead. 

b. Taxes and Insurance 

Taxes and insurance were taken as 3 percent of invested 
capital. 

c. Other Operating Costs 

Operating costs for maintenance, materials, pcw~r and energy 
are variable for each individual case. 

5.2.2.8 Rationale for "Typical Plants" 

All plant oosts are estimated for "typical plants" rather than 
for any actual plant. "Typical plants" are defined for the pUipOSe of 
these cost estimates as: 

For ~ and chemical container wastes - 'Ihe arithmetic average 
of p ~uction size for ·all plants in the specific industcy 
catego:cy. 

For wastewater trea1::n'ent slud8i wastes -- The ari tbnetic average 
of production size for those p ants in each indust.Iy catego:cy 
discharging wastes to surface water. These figures were ootained 
by nultiplying the total catego:cy production by 0.65 (the A'IMI 
estimates that plants canprising 65% of industcy production dis
charge to nu.micipal systems) · and then dividing by· the total 
nunber of plants in the catego:cy having discharge to watez:ways 
as detennined fran reference 10. 
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'!he vast majority of textile plants are located in the East, so this des
cription was used throughout the report whenever typical location is 
:rcentioned. Textile plant processing equiprent age has little significance 
as far as treatnent and disposal technology and the associated oosts are 
canoemed, and was not cxmsidered a factor in describing "typical plants". 

It should be noted that the per ton oosts to treat and dispose 
of potentially hazardous wastes at any one given plant may be considerably 
higher or .la-Jer than the typical plant because of individual circunstances. 

5. 2. 2. 9 Definition of Technology levels 

COsts were develq;:led for the three levels of tedmology which 
are repeated here: 

Level I 

Level II 

Level III 

Technology currently erployed by typical facilities, i.e. , broad 
ooverage present treatnent and disposal practice in the industry 
categocy. 

Best technology currently enployed. Identified technology at this 
level must represent the soundest process fran an envirormental 
and health standpoint, currently in use in at least ore location 
in the industry categm:y. Installations must be CC111rercial scale; 
pilot plant and bench scale installations are rot sui table. 

Techno! necess to rovide ate health and enviromental 
l)e' ction. I.eve III may rore or ess sop sticated or may 

ideiitical with level I or II 'Ieclmology. At this level, 
identified teclmology may include pilot or bench scale processes 
providing the exact stage of developrent is identified. one 
pertinent difference between level III Technology and levels I 
and II Teclmology is that it is not recessary for any plant in 
the industry catego:r:y to be using Level II I. Techrlology. Technology 
transfers fran other industries are also included. 'Ihe defini
tion of Level III Technology as defired in this report represents 
cxntractor judgment, and not that of the EPA. 'Ihis level of 
technology as defined for ·a particular potentially hazardous waste 
stream is nerely an attenpt by the contractor to define an environ-

. rrentally aca!ptable teclmolqgy. 'lhus, the technology level defined 
should not be interpreted as a basis for futw:e regulations. It 
'is oot based an oost-benefit, eoonanic, or other analyses required 
·to appropriately define Ievel .III Technology. 
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5. 3 General COst Basis for Treatment and Disposal Technologies 

5. 3 .1 Waste Control Technology Cost Basis 

Potentially hazarcbus dye and chemical residues are raroved from 
containers by washing at a number of plants. This deoontamination procedure 
makes the containers innocuous, after which they can be disposed of as 
trash, reused, retunled or sold. Costs for washing and cleaning are small 
because of the use of existing plant persomel. It is estimated that 
the amual costs for a typical plant in each catego:ry would be $250 (cne 
man-hour per wec-...k for 50 weeks) • 

5.3.2 Storage or Retention Lagoons Cost Basis 

A typical plant in the textiles· industry that has its own waste
water treat:IIEnt system will retain sludge in the aeration lagoon and dis
pose of the excess as required. All plants with water treatnent facilities 
will retain some quantity of sludge but only the wool scouring and woven 
fabric dyeing and finishing categories (A and D) typically waste sludge. 
Al.nost all of the aeration lagoons in the textiles indust:ry are unlined. 
Lining with plastic sheet, clay or concrete to prevent leachate fran reaching 
ground water is a demonstrated technology in this and other industries. 

Estimates of installed costs for various types of pond liners 
follow: 

Liner Material Mdi tiona! Cost, $/sq.m. 

thin clay liner (<2 in.) $2.50 
sprayed asphalt $2.50 
20 mil PVC $3.70 

30 mil Hypalon $7.40 

ooncrete $10.00 

thick clay liner (2 ft.) $10.00 

'IWo typical pond sizes were found in the textiles industry, 0. 38 
and 0.89 hectare, which correspond to 0.9 and 2.0 acres. The smaller size 
is applicable to indust:ry categories A, D, E, and F while the larger size 
applies to categories B and G. The following estimates were made for the 
costs involved in cleaning and preparing the typical sized ponds for instal
lation of liners: 

Pond Size 
0.38 ha. 0.89 ha. 

Cleaning of existing pond 
(@ $10!ffi3 of removed sludge) $18,750 $44,500 

Eart:l'M:>rk an existing pond 
(@ $1;1n3 of earth ItDVing) 1,250 3,000 

TOtals $20,000 $47,500 
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Pond oosts were attributable to wastewater treat:Jnant costs and 
therefore no cost is attributed to the retention of sludge in existing 
unlined p:mds. 

5. 3. 3 Land PUmping Cbst Basis 

Land durrping costs are allrost the same as landfilling costs. 
Nonnally, m:>st of the cost is for handling and hauling. Analysis of the 
oollected plant data for off-site disposal of such solid wastes as trash 
and dye and chemical oontainers, shows an average of about $13/kkg for 
hauling and di~sal. Disposal costs for the individual plants range from 
$2 to $50 per kkg of trash disposed. 'Ihe high average cnst per kkg of 
this type of waste is due to lCM bulk density (one rootric ton may occupy 
several cubic neters of voll.ll'OO) • Contractors charge on a volune and trip 
basis. 

Land durrping of sludges has quite different costs than those 
for container waste. Hauling costs are estimated to be approximately $2/kkg 
of wet solids for the short { o-20 kilateters) hauling distan~s involved. 
Therefore, the land durrping oost for sludges is highly dependent on the 
solids cnntent when it is disposed of. Dewatering of sludge becx:nes an 
attractive option to minimize the hauling costs. 

5. 3. 4 Land Spreading COst Basis 

costs for land spraying of 5 percent solids liquid sludge, based 
on information f:ran one plant, has been estimated as $25/kkg of dry solids. 
'!his value is highly sensitive to the solids level of the sludge and the 
percent of the t:i.Ire that the system is actually in use. Both of these 
factors may be expected to vary widely fran plant-to-plant. 

COsts for land spreading of 20 percent solids dewatered sludge 
are greater than for sjnple land durrping because of the spreading equiprrent 
involved and is estimated as $20/kkg of dJ:y solids handled. 

5. 3. 5 Cost Basis of General Purp<?se Landfilling 

'Itle $13'/kkg oost given for land dunpiiXJ was developed from 
infonnatioo oollected on landfilling cperations. Most of the plants 
e:rploy contractors who pick up the trash and containers, either cx:mpacted 
or uncmpacted, and take them to a local public landfill. Although sore 
public landfills charge a significant fee (up to $7 ,lkkg) , nest of them are 
either free or charge a fee on the order of $1-2/kkg for landfillilXJ 
operatioos (reference 32). OUr estimate of the average l.andfilling cost 
is $15/kkg. 

For wastewater treatnent sludges, the average landfilling oost 
is estimated to be $4/kkg of wet sludge ($2/kkg dtmping oost plus $2/kkg 
landfill oost) • 
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5.3.6 Cost Basis for General Purpc?se Approved Landfills 

Operators of approved general purpose landfills charge fees of 
$3 to $7 per rretric ton (reference 32). Therefore the cost for dye and 
chemical oontainers including the $13/kkg local hauling costs would be 
as high as $20/kkg. The $7 /kkg figure is more awlicable to the textile 
industry for wet sludge because the imustry is located in a wet climate 
area of the country necessitating rrore leachate and rumff controls. '!here
fore the total cost for awroved landfilling of wet sludge is $9/kkg 
(includes $2/kkg local hauling cost) • 

Unlike general pmpose landfills, approved landfills are not 
usually found near a textile plant. In fact, approved landfills are 
alrrost non-existent in the southeastern part of the u.s. where rrost of 
the textile plants are located. Hauling oosts are given in Figure 5-l, 
and are added to landfilling costs for the distance. 

5. 3. 7 Cost Basis of Specialized Approved landfills 
I 

Specialized approved landfills, constructed by the irrli vidual 
plants or c:orrpanies, are not k.nam to exist today in the textiles i.ndusb:y. 
They do exist in other industries (references 32 and 33). Even though the 
disposal costs are higher than those estimated for general purpose awroved 
landfills, hauling costs reduce the difference. There is a possibility 
that treatmmt of leachate or ruooff fran on-site approved landfills could 
be accarplished by returning it to the plant wastewater treatnent system, 
eliminating sCJie leachate treat:nent costs. 'Ibis would depend on the 
availability of land on or near the plant site. 

5.3.8 Cost Basis for Incineration 

'!he cost for incineration per rretric ton of sludge is much higher 
at the lew volurres generated by the wastewater treatnent systems of the 
textiles industry than at the high volumes CCJ1l1'0n with municipal wastewater 
treatnent systans (reference 32). On-site incineration of low volume, 
lew solids sludges may be expected to cost $100 to $300 per metric ton of 
dry solids (references 34 and 35). Off-site contract inc~ration of these 
sltrlges will cost approximately $100 per rcetric ton of dry solids (reference 
32) handling and hauling charges to the contractor's facilities. An average 
cost of $150/kkg of dry solids is estimated for incineration by a contractor. 

5. 3. 9 Wet Oxidation COst Basis 

Wet oxidation of sludge was tried by at least one plant in the 
textile& industry and was found to be uneconanical because of the small 
volurce of sludge. 
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5. 3.10 Ocean Disposal Cost Basis 

Textile plants apparently do not currently use ocean disposal. 
One plant had used this disposal rrethod in the past, but discontinued the 
practice several years ago. Since nest textile plants are not located 
close to the ocean, long distance hauling costs should be added to the 
follc:Ming ocean disposal costs for wastewater treatnent sludges: 

Volurre 
ll. ters/week 

3,800 
38,000 
378,500 

Cost/liter 
¢ 

1. 5-2.1 
o. 8-1.0 
0.6-0.85 

Cost/kkg of Dl:y Solids 
5% solids 20% solids 

$30D-$400 
$16Q-$200 
$12Q-$170 

$75-$105 
$4D-$50 
$3D-$42.50 

'Ihese costs do not make ocean disposal an attractive option for nost 
textile plants. 

5. 3 .11 Olemical Fixatim Cost Basis 

Costs for chemical fixation treatrrent range from 0. 7¢ to 1.6¢ per 
liter of sludge (reference 32) • At a density of 1 kg/liter and a sludge 
solids content of 5 percent by weight, the oost is $140 to $320 per kkg 
of dry solids. At 20 percent solids content, the oost is $35 to $80 per 
kkg of dry solids. 

5. 3.12 Encapsulation Costs 

Encapsulation in materials such as concrete, plastics or asphalt 
cannot a:rrpete oostwise with other environrcentally adequate disr:osal 
technologies for containers and wastewater treatnent sludges. These tech
niques are nomally reserved for small volurre highly toxic materials such 
as rad.ioacti ve wastes and pesticides • 

5.3.13 Solvent Reclamation Cost 

Aside fran the cleaning and reuse of dye and chemical containers, 
the only other reclaim of potentially hazardous wastes is sane of the mis
cellaneous solvent wastes. Costs for reclaiming solvents vaxy widely 
according to the specific waste. 

5.4 costs for levels I, II, and III Techmlogies 

The two general classifications of potentially hazardous land
destined wastes fran the textiles industry are containers with residual dyes 
and chani.cals and wastewater treabrent sludges. 
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5.4.1 Container Waste Treatltent and Disposal Costs by Industry category 

Industry categories A (Wool Scouring) and c (Greige Goods) do 
wt generate dye and chemical container wastes and therefore m treatrrent 
or disposal costs are required. 

Tables 5-l through 5-5 give the three levels of container waste 
treatm:mt and disposal costs for industry categories B (Wool Fabric Dyeing 
and Finishing), D (Woven Fabric Dyeing and Finishing), E (Knit Fabric 
Dyeing and Finishing), F (carpet Dyeing and Finishing) and G (Yarn and Stock 
Dyeing and Finishing) • In all industl:y categories, the typical plant size 
is the average production rate of the category plants. '!he three levels of 
treatrrent and disposal are identical for typical plants in all industl:y 
categories and are as follCMS: 

Level I - Off-site landfill by oontractor 

Level II - Washing containers free of residual dyes and chemicals 
prior to disposal 

Level III - Sane as Level II 

Level I techmlogy costs are based on a contractor fee of $15/kkg 
of waste disposal and are smmarized as follows: 

Cost Factor Industry Range 

$/kkg of product 0.005-0.046 
$/kkg of wastestream m range 
$/kkg of hazardous waste 1,82Q-7,270 

Industry Average 

0.028 
15 

3,524 

Levels II and III technology oosts are the sane and are based 
on a typical plant using one man-hour per week for 50 weeks to clean con
tainers prior to disposal and are surmarized. as follows: 

Cost Factor 

$/kkg of product 
$/kkg of wastestream 
$/kkg of hazardous waste 

Industry Range 

0.05-0.24 
17-170 
2,300-62,600 

Industry Average 

0.10 
84 

23,900 

'lhe high oost per metric t:al of hazardous waste result fran the vezy small 
weight of the potentially hazardous constitl.Ellts as cx:rrpared to the total 
weight of the waste stream. 

5. 4. 2 Wastewater Treatnent Sludge Treatrrent/Disposal Costs by Industry 
category 

Industry category c (Gl:eige Goods) does not generate wastewater 
treatrrent sludges oontaining potentially hazarCbus oonsti tuents and therefore 
m treatment and disposal costs are incurred. Plants having their own 
wastewater treabnent system in all other industry categories do or will incur 
sludge treatirent and disposal costs for at least one of the three technology 
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Category B Typiccd P!u;)t Co~ls For Trr.:•.:Jt:r:!c>nt and Di~pc,~ol, 197:S 

Typicr'l P!:::Jt 
C hmu.cter! sti cs 

Dye and Chemical 
Containers 

T rcu~ment/Di sp~~o:~l 
Co~i s/Levc !s --.. --·-·-------

lnvestm~;.:nt Cos!: 
Land 
Othllr 
1"o1al Fixed 

Annt~al Costs 
Copi1a! Co:;J·5 
Opor·::Jiing 
Mainlu~ance 
[rw,·[:)' f,. Pcnver 
Conlr\.~ct Se1vice!\ 
T otCl! 1\nn,Jcd iz~d 

c~)sVI:krJ of producl 
Cost/kkg of potentially 

hazardous waste 
Cost/kkg of hazardous 

constituents 

AnntJcd Pro·:!ucfion 

Cornpositio:1 
of Wa$lc ---

Fiber Drums and 
Paper Bags with 
Residual Dyestuff 
and Chemicals 

Level ! 

0 
0 
0 

0 
0 
0 
0 

122 
122 

---

0.044 

15 

1,820 

Description of Treatment/Disposal Technology: 

Leve I I Off~ite landfi II by contractor 

Level II Same as Level I 

l.ccotion 

Eastern U. S. 

Physico I 
Form 

Solid 

0 
0 
0 

0 
0 
0 
0 

122 
122 

0.044 

15 

1,820 

Mr.nutac: :urinq ------- -·· ·-... -~. 

Proct':;s 

Wool Fabric 
-~~_:i_ng a~~~~ishing 

. .\r::ount for 
T!·cu I mc·1 1/U i SI)OSU I ------.--........ _--.} __ _ 
2 • 9 kg/!d:.g of Product 
----Total Containers 

0.024 kg/kkg of Product 
---"Total 

Hazardous Residuals 

----·-----
Level lll 

0 
0 
0 

0 
250 

0 
0 
0 

250 
0.09 

30.79 

3,720 

Level Ill Washing containers free of residual dyes and chemicals prior to disposal 

* To convert costs to December, 1973 dollars, multiply by 0.82. 
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Table 5-2 Category D Typical Plant· Cc,sls For Treatment and Dispo5cd, 1975 

T ypi en I Plant· 
C hcw:1cteri sti cs 

ldentificclic.:n of 
Waste S;·rcan-t(s) ---------

Dye and Chemical 
Containers 

Treatmcnt/Di sposol 
I• I Cosls; Levc s --··· 

Investment· Costs 
land 
Other 
Total Fixed 

Annual Costs 
Capi lo I Costs 
Operai-ing 
Maintenance 
Energy & Power 
Contract Services 
T ota I Annua I ized 

Annuul Ptoduclicn 

_(1975) 

--=2::z.::,a~oo.;:;.__ __ kkg/yr. 

Composii-ion 
of Wosre 

Fiber Drums and 
Paper Bags with 

Residual Dyestuff 
and Chemicals 

Level I 

0 
0 
0 

0 
0 
0 
0 

52 
52 
0.019 

15 

Cost/kkg of producl
Co~,t/kkg of potentiall.y 
- hqzardous waste 

CosVkkg_ of hazardous 
conrutuentt 3.1~ 

Level I Off-site landfill by contractor 

Loco~i0'1 

Physicnl 
Form ---

Solid 

Procc!>s 

Woven Fabric 
Dyeing and .Elnishing 

Amount for 
Jreatment/Disoosa I 

1.24 kg/kkg of Product 
Total Containers 

0.006 kg/l<kg of Product 

Total 
Hazardous Residuals 

DoiiCJrs (1975)* 
·~---~---,r--------------

l.evel II 

0 
0 

0 

0 
250 

0 
0 
0 

2'50 
0.09 

72 

15,000 

Level Ill 

Same 
OS 

Level II 

0.09 

72 
15,000 

Level II Washing containers free of residual dyes and chemicals prior to 'landfill ing. 

Level Ill Same as Level II 

* To convert costs to December, 1973 dollars, multiply by 0.82. 
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Table 5-3 Category E Typicol Plunt Costs For Treatment cmd Dispo~al 1 1975 

T ypi co I Plar-t 
C horact<~ri s tics 

Identification of 
'!lastc Stream (s) 

Dye and Chern i cal 
Containers 

Annual Procluc:lion 

1 050 kkg/yr. 
-~--

Composil'ion 
of Waste 

Fiber Drums and 
Paper Bags with 
Residual Dyestuff 
and Chern i cals 

Lc·cal'ion 

Southeastern U.S. 

Physical 
Form 

Solid 

!VI?_~I~focl_'::'_!:}nQ 

Process 

Knit Fabric 
Dyeing and Finishing 

Amount for 
T rea tme~_!(D i s,eosa I 

1•82 kg/klsg of Product 
Total ~ontoiners 

0.0038 kg/kkg of Product 
Total 

Hazardous Residuals 

Treatment/Di ~posal 
Costs/Leve Is 

---------------r--_D_o_l_la_r~(1970_* ____ r--------------

lnvestmen l Cosis 
Land 
Other 
Total Fixed 

An11ual Costs 
Capital Costs 
Operating 
Maintenance 
Energy & Power 
Controcl Services 
Total Annu(1lizcd 

Level I 

0 
0 
0 

0 
0 
0 
0 

29 
-w 

Cost/kkg of produc! 0.028 
Cost/kkg of potentially 

hazardous waste 15 

C o~~f~u~fnrsazardous 7,270 

Level I Off-site landfill by contractor 

Level II 

0 
0 
0 

0 
250 

0 
0 
0 

250 
0.24 

130 

62,600 

Level Ill -----

same 
as 

Level II 

0.24 

130 

62,600 

Level II Washing containers free of residual dyes and chemicals prior to landfilling 

Level Ill Same as Leve I II 

* To convert costs to December, 1973 dollars, multiply by 0.82. 
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Tohlc 5-4 Category F Typical Plont Costs Fer Trcohncnt and Di~.p~·sni 1 1975 

T )'Pi CC"! Pl(f:·if 
C huroc tC!r! 51 i cs 

ldcntif!c.\.,;icn of 
Wast·c Str·:;c-Jm(s) ·---·------~ ---~-

Dye and Chemical 
Containers 

(19?5) 

_4,720 __ kkg/yr. 

Com")osition 
of V/aste --- ----

Fiber Drums and 
Paper Bags with 
Residual Dyestuff 
and Chemicals 

Level 

Local ion 

Sout,b_eastern U.S. 

PhysicCJI 
Form 

Solid 

Level II 
Trer> I :-ren t/Di sposa I 

Cosl's/Lwc Is 
---~--------~·--.. --- -----------1--------------
lnvestr.•er:t Costs 

Lund 
Other 
Totcl Fixed 

Annual Costs 
Copitcl Costs 
Operating 
Maintcn.:mce 
Energy £" Power 
Conh·od Services 
T ola I Annucr! izcd 

Cosl/kkg cf produc~· 
Cost/kkg of potentially 

hazardous waste 
Cost/kk of hazardous 

0 
0 
0 

0 
0 
0 
0 

22 
22 

0.005 

15 

3 330 

Level I Off-site landfill by contractor 

Level II Same as Leve I I 

0 
0 
0 

0 
0 
0 
0 

22 
2i"" 

0.005 

15 

3,330 

Process 

Carpet 
..Qyeing an~_fir:lishing 

!>.mount for 
!.!:.9otmcn t/.Qi_~poso I 

0.31 kg/kkg of Product 
--- Total Containers 

0.0014 kg/kkg of Product 

Total 
Hazardous Residual 

Level II f ·---

0 
0 
0 

0 
250 

0 
0 
0 

250 

0.05 

170 

35,700 

Level Ill Washing containers free of residual dyes and chemicals prior to landfilling 

* To convert costs to December, 1973 dollars, multiply by 0.82 
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Tabic 5-5 Category GTypical Plani· Co.;i!> For 'irea1mer>t a11d Disposed, 1975 

Ty:)ical Pion!· 
C har<1ch::d si i cs 

ldenlificCJtion of 
Waste Strearn(s) 

Dye and Chemical 
Containers 

Annuu I Pt odw;l ion 

(1975) 

_4,800 __ kkg/yr. 

Compo:;ition 
of Waste:: 

Fiber Drums and 
Paper Bags with 
Residual Dyestuff 
and Chemicals 

Location 

Southeastern U.S. 

Physical 
Form 

Solid 

Procc~s 

Yarn and Stock 
~.!!9 and Finishing 

Amount for 
Treatmen t/Di sposa I 

3•07 kg/kkg of Product 
Total Containers 

_Q.022 kg/kkg of Product 
Total 
Hazardous Residuals 

Treatrnen t/Di sposa I 
Costs/Lev(:_ls __ 

Dollars (1975) * 
---------.----~--.......:...--,----------· 

Level II Leve I Ill Level I ----------·-1----------·-t------------
lnvestnwnt Costs 

Land 
Oiher 
Total Fixed 

Annual Cosh 
Capital Ccs!s 
Operating 
Maintenance 
Energy & Pov"·cr 
Con1racl S<.TViccs 
T ota I Arm~a I ized 

Cc:st/kkg of prduct 
Co~i/kkg of potentiall1y 

na~araous waste 
Costjkkfi! of hazardous 

constrtuents 

0 
0 
0 

0 
0 
0 
0 

221 
221 

0.046 

15 

2,100 

Level I Off-site landfill by contractor 

0 
0 
0 

0 
250 

0 
0 
0 

250 
0.05 

17 

2,300 

same 
as 

Level II 

0.05 

17 

2,300 

Level II Washing containers free of residual dyes and chemicals prior to landfill ing 

Level Ill Same as Level II 

* To convert costs to December, 1973 dollars, multiply by 0.82 
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levels. It should be kept in mind that the costs developed for sludge waste
streams apply only to the typical plants in each categocy with their own 
wastewater treatment systems. .As previously indicated, the A'IMI has esti
zrated that plants ccrrprising 65% of indust.ey production are direct discharge 
plants. However, the peramtage of the nurrber of plants in each categocy 
that have direct discharge is much less than 65% as shown previously in 
Table 4-3. 

The location of typical plants in the various industry categories 
are all in either the eastern or southeastern part of the u.s. where the 
najor part of the textiles industcy is located. Process equipnent age was 
rot considered in the typical plant selection because it has no bearing on 
the arrounts of sludge generated or wasted. 

costs were develcped. for typical plants in each indust.ey categocy 
oonsidering both the retention of sludge in aeration lagoons and the wasting 
of excess sludge fran these lagoons. categories A (W::>ol Soouring) and D 
(Woven Fabric Dyeing and Finishing) are the only two that typically waste sludge. 
Typical plants in the other industcy categories have not yet found it neces-
sary to waste sludge because of a low rate of solids buildup in their waste
water treatrrent systems. In all cases where sltrlges are retained in unlined 
lagoons, there is no cost for retaining the sludge. '!he costs for the 
aeration lagoons are attributed to wastewater treatnent. However, costs for 
lining of these ponds to prevent leachate fran reaching ground water were 
attributed to hazardous waste control. 'Ihe annual oosts for pond lining 
can be related to annual production as oost/kkg of product. '!hey cannot 
be related to the wastestream or any part of the wastestream because no 
infonnation is available for the generatioo rate of the sltrlges in wastewater 
treatment ponds. 'lbe sludge nay be generated and retained for periods of 
5 to 10 years or nore in sate cases before pennanent disposal beccmes 
necessacy. 

5. 4. 2 .1 Category A - Wool Scouring, Table 5-6 

'!he typical plant in this industcy catego:cy was casted for the 
following three levels of teclmology. 

level I (1) Retention of sludge in unlined treatment ponds 
(2) General land disposal of wasted sludge 

level II (1) Retention of sludge in concrete lined treat:Itent 
palds 

(2) Sane as level I 
level III (1) Sane as level II 

( 2) Disposal of wasted sl\Xlge in approved landfill 
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Table 5-6 Category A Typical Plant Co!>fs For Trec::fmeilt and Disposal, 1975 

--· 

Typical Plant 
Charach~ristics 

Identification of 
Waste Streom{s) 

(1) Retained Wastewater 
Treatment Sludge 

(2) Wasted Wastewater 
Treatment Sludge 

Annua I Production 

(1975l 

5,600 kkg/yr. _...; __ _ 
Composition 

of Waste 

Water, fibers, grease 
biological +chemical 
suspended sol ids with 
adsorbed heavy metals 
and chlorinated organics 

Location 

Eastern U.S. 

Ph>•sical 
Form 

Liquid-solid 
sludge 

Containing: 

Proce:;~ 

Wool Scouring 

* Amount Wasted for 
Trea trne~ 1/!) i s.e_o~~-
(wet) 

5,700 kg/kk~. of Product 

(dry) 
_5ZQ_ kg/kka of Product 

3.0 kg/kkg of product 
heavy metals 

Treatment/Disposal 
C osts/Leve Is 

--------r---D_o_l_la_r_s ....;.(_1 9_7 __ 5-"--)*_*_*_.-0_·0_0_0_7~ ~~!b?Jcfrr.~uct 
Level I Level II Level III 

Investment Costs 
land 
Other 
Total Fixed 

Annual Costs 
Capital Costs 
Operating 
Maintenan<;e 
Energy & Power 
Contract Services 
Total Annualized 

Cosl/kkg of producl' 
Cost/kkg of wet sludge 
Cost/kkg of dry sludge** 

NA • Not applicable 

(1) 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

(2) 
0 

20,000 
20,000 

5200 
60,000 

3,000 
800 

0 
69,000 

12.32 
2.16 

21.60 

(1) 
0 

57,500 
57,500 

6750 
0 

4400 
0 
0 

11,150 

2.00 
NA 
NA 

Descrit'rion t'f Treatment/ Disposal T echn'?.lor!l:: 

Level I (1) Retention of sludge in unlined treatment ponds 
(2) General land disposal of wasted sludge 

(2) (1) 
same same 

as as 
Level I Level II 

12.32 2.00 
2.16 NA 

21.60 NA 

Level II (1) Retention of sludge in concrete lined treatment ponds (0.38 ha.) 
(2) Same as Leve I I 

Level Ill (1) Same as Level II 
(2) Disposal of wasted sludge in approved landfill 

(2) 
0 
0 

0 
0 
0 
0 

144,000 
144,000 

25.71 
4.51 

45.10 

*The amount of sludge retained cannot be based on the production rate. The estimated amount 
retained by this typical plant is: ~800 kg (wet), 780 kg (dry) containing 4.1 kg total heavy 

metals and 0.001 kg total chlorinated organics. 
**Sol ids in sludge contain potentially hazardous constituents. 
***To convert costs to December, 1973 dollars, multiply by 0.82. 
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Level I costs were develcped assuming: 

a. an invest:nlmt of $20,000 for a sludge truck anortized over 
5 years. 

b. a $2/kkg of liquid sludge disposal cost. 

Level II costs were developed assuming: 

a. ·an investmmt of $57,500 to line a 0.38 ha. treat:Irent pond 
with concrete anortized over 20 years. 

b. a maintenance cost of $4400/year to clean the lined porrl 
every 5 years for inspection and repair of dana.ge. 

c. a $2/kkg of liquid sludge disposal cost. 

Level III costs were developed assuning: 

a. sane as Level II, a. and b. above. 

b. a $45/kkg of dey solids sludge approved contractor landfill 
dis{X>sal cost. '!his cost will be higher if the approved 
landfill is not local (within 20 miles) to the plant. 

The total costs for each level of technology are sumnarized below: 

Cost Factor 

$/kkg of product 

$/kkg of waste stream 

$/kkg of dry sludge 

Level I 

12.32 

2.16 

21.60 

'lbtal Cost 
I.evel II Level III 

14.32 27.21 

2.16 4.51 

21.60 45.10 

5.4.2.2 categoiY B - Wool Fabric Dyeing and Finishing, Table 5-7 

'lba typical plant in this industry catego:r:y was costed for the 
follc:Ming three levels of technology: 

I.evel I (1) Retention of sludge in unlined treat:Irent ponds 
(2) The practice of wasting sludge was not found. in 

this category 
revel II (1) saroo as revel I 

(2) Salll;! as Level II 
Level III (1) Retention of sludge in 20 mil PVC lined treat-

rrent ponds {0.89 ha.) 
(2) Same as Level I 
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Tnble 5-7 Category 8 T)'pical Plant Co~L For Treatment and Disposed 1 1975 

Typical Plw11 
Characteristic~ 

Identification of 
ytoste Str<;am(s) 

(1) Retained Wastewater 
Treatmen! Sludge_ 

(2) Wasted Wa'stewater 
Treatment Sludge 

Annual Production 

5,200 __ kkg/ yr • 

Composition 
of Waste 

Water, fibers, biological 
+chemical suspended 
sol ids with adsorbed 
heavy metals and dyestuff 

Location 

Eastern U.S. 

Physical 
Forrn 

Liquid-solid 
sludge 

Dollars {197~)*** 
Level II 

Process 

Wool Fabric 
Dyeing~d Finishing 

Amount* Wasted for 
T reot~en t/D i sposa I 

(wet) 
0 kg/kkg of Product 

(dry) 
0 kg/kkg of Product 

Treatment/Di :;posal 
Costs/Levels --- Level I ------ Level I II 

----+---------------~----~- -------
Investment Costs 

Lanrl 
OthN 
Total Fixed 

Annual Costs 
Copitcl Costs 
Operating 
Maintenance 
Energy & Power 
Contract Services 
Total Annualized 

Cost/kkg of prodL•ct 
Co!:Ijkkg of wet sludge 
Cost/kkg of dry sludge** 

~. Not appl•cabfe-

(1) 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

(2) 
NA 

Descrip~~?f Trl')afment{_Diseosal Technology: 

(1) 
same 

as 
Level I 

0 
0 
0 

Level I (1) Retention of sludge in unlined treatment ponds 

(2) 
NA 

(1) 

0 
80,430 
80,430 

9440 
0 
9400 
0 
0 

18,840 
3.62 
NA 
.NA 

(2) The practice of wasting sludge was not found in this category 
Level II. (1) Same as Level I 

(2) Same as Level II 
Level Ill (1) Retention of sludge in 20 mil PVC lined treatment ponds (0.89 ho.) 

(2) Same as Level I 

(2) 
NA 

*The amount of sludge retained cannot be based on the production rate. The estimated amount 
retained by this typical plant is: 
20,000 kg (wet), 1.6 kg (dry) containing 0.034 kg total heavy metals and 0.08 kg total dyestuff. 

**solids in sludge contain potentially hazardous constituents 
***To convert costs to December, 1973 dollars, multiply by 0.82. 
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Levels I and II costs were developed assuming: 

a. no cost for present sludge retention. 

b. no cost for sludge disposal. 

revel III costs were developed assuming: 

a. an investment of $80,430 to line a 0.89 ha. treatment FOnd 
with 20 mil PVC anortized over 20 years. 

b. a maintenance cost of $9 ,400/yr to clean the lined pond 
every 5 years for inspection and repair of damage. 

c. no cost for sludge disposal. 

The total costs for each level of technology are surrmarized below. 

'lbtal Cost 
Cost Factor Level I Ievei II level III 

$jkkg of product 0 0 3.62 

$/kkg of waste stream 0 0 not applicable 

$/kkg of dry sludge 0 0 not applicable 

5.4.2.3 Catego!:i: C - Grei~e Gcxxls 

There are no potentially hazardous waste streams in this irrl.ustry 
category and therefore no costs are incurred. 

5. 4. 2. 3 CategoJ:y D - Woven Fabric Pyeing and Finishing, Table 5-8 

The typical plant in this industJ:y category was oosted for the 
following three levels of technology: 

Level I (1) Retention of sludge in t.mlined treat:rrent ponds 
(2) General land disposal of wasted sludge 

revel II ( 1) Sane as revel I 
(2) Sane as Ievel I 

Level III (1) Retention of sludge in 20 mil PVC lined treat
ment ponds (0.38 ha.) 

(2) Disposal of wasted sludge in approved landfill 

revels I and II costs "Wet:e developed assuning: 

a. no cost for present sludge retention. 

b. an investment of $20,000 for a sludge truck 'CIOC>rtized over 
5 years. , 

c. a $2/kkq of liquid sludge disposal cost. 
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Table 5-8 Category D Typical Plan! Costs For Treatment and Disposed, 1975 

====-· ==== -.=-=---==: 

Typical Plcmt 
C haracteri sti cs 

Identification of 
Waste Stream{s) 

(1) Retained Wastewater 
Treatment Sludge 

(2) Wasted Wastewater 
Iregtrnent Sludge 

T rea tmen t/Di sposa I 
C osts/Leve Is 

Investment Costs 
Land 
Oth..;r 
Total Fixed 

Annual Costs 
Capital Costs 
Operating 
Maintenance 
Energy & Power 
Contract Services 
Total Annualized 

Cost/kkg of product 
Cost/kkg of wet sludge 
Co5t/kkg of dry sludge** 

NA • Not appl ical:ile 

Annua I Prodt1dion 

..... s~,""60.._.0.__kkg/yr • 

Composition 
of Wasl·e 

Water, fibers, biological 
+chemical suspended 
solids with adsorbed 

heavy metals and 
chlorinated organics 
and dyestuff 

Locatio;"~ Manufacturing 

Process 

Woven Fabric 
j_Qutheostern_U.S. Dyeing and Finishing 

Physical 
Form 

Liquid-solid· 
sludge 

Amount* Wasted for 
T rea tmcn t/D i sposa I 

(wet) 

_ ~ kg/kkg of Product 

(dry) 
20 kg/kkg of Product 

Containing: 0.19 kg;kkg of Product 
1.0 kg~kg of Product Heavy Metals 
- Dvestuff 1 3 x 10-3 k A.k f p 

(1975) Dollars*** • gl" go roduc· 
---L-e-ve_l_l _ __,c_;_~---Le_v_e_l_l_l_ Level Ill chlor. 
--_::...;~~---t--------+-----------organics 

(2) (1) (2) (1) (1) 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 same same 0 
20,000 OS 

20,000 Leve I I 

5.200 
22,300 

3,000 
500 

0 
31,000 

5.54 
2.41 

277 

0 
0 
0 

OS 33,900 
Level I 33,900 

3,980 
0 

4,250 
0 
0 

8,230 
5.54 1.47 
2.41 NA 

277 NA 
-~~·---· 

(2) 
0 

70,000 
70,000 

11,400 
15,000 

1,000 
500 

5,000 
3'2,900 

5.88*** 
5 8.75*** 

294*** 

De$cription of Treotm~nt/ Di~posal Technolo~: 

Level I (1) Retention of sludge in unlined treatment ponds 
(2) General land disposal of wasted sludge 

Level II (1) Same as Level I 
(2) Same as Level I 

Level Ill (1) Retention of sludge in 20 mil PVC lined treatment ponds (0.38 ~.) 
(2) Disposal of wasted sludge in approved landfill 

-:r*..,Th,...e_a_m_o_u-nt of sludge retained cannot be based on the production rate. The estimated amount 
retained by this typical plant is: 
0300 kg {wet), 67 kg (dry) containing 0.63 kg total heavy metals, 0.00.1 kg total chlorinated 
organics and 3.4 kg total dyestuff. 
**Solids in sludge contain potentially hazardous constituents 
***Costs apply to sludge dewatered to 25% solids. 
****To convert costs to December, 1973 dollars, multiply by 0.82. 
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revel III costs were developed assuming: 

a. an investnent of $33,900 to line a 0. 38 ha. treat:rrent 
pond with 20 mil PVC amortized over 20 years. 

b. a maintenance cost of $4,250/year to clean the lined pond 
every 5 years for inspectioo and repair of damage. 

c. an investnent of $70,000 for sludge dewatering e:}Ui.prrent 
arrortized over 10 years. 

d. an annual eJCpenSe of $16,500 to operate and maintain the 
dewatering equiprent. 

e. a $45/kkg of dry solids sludge (dewatered to 20 percent 
solids) approved landfill by a cx:mtractor disposal cost. 
'!his cost will be higher if the approved landfill is not 
local (within 20 miles) to the plant. 

The total cx:>sts for each level of technology are sumnarized below. 

'lbtal Cost 
Cost Factor revel I Level II Level Ill 

$/kkg of product 5.54 5.54 7.35 

$/kkg of waste stream 2.41 2.41 58.75 

$/kkg of d:r:y sludge 277 277 294 

5.4.2.5 Catego:ry E - Knit Fabric ~e:ins and F:inishi$, Table S-9 

The typical plant in this industry category was costed for the 
following three levels of technology. 

Level I (1) Retention of sludge in tmlined treatnent ponds 
(2) The practice of wasting sludge is not typical 

in this category 
level II (1) Retention of sludge in ccno:ete lined treat-

nent ponds (0. 38 ha.) 
(2) Same as revel I 

Level III (1) Sane as level II 
(2) Same as Level I 

revel I cx:>sts were develqa:t assuming: 

a. oo cost for present sludge retentioo. 

b. no cost for sludge disposal. 
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Table 5-9 Category E Typical Plcmt Co:;fs For Treatment ard Dispo:.al, 1975 

Typ!cal Plunt 
Chorac teri5 tics 

Identification of 
Waste S!ream(~) 

(1) Retained Wastewater 
Treatment Sludge 

(2) Wasted Wastewater 
Treatment Slud~ 

Annual Pro:luction 

~,000 __ kkg/yr. Soutbeastern.Jl.S. 

Composition 
of Woste ·---

Water, fibers, biological 
+chemical suspended 
solids with adsorbed 
heavy metals, chlorinated 
organics+ dyestuff 

Physical 
Form 

Liquid-solid 
sludge 

Process 

Knit Fabric 
D..ni_n_g_c:md Fin_llhing 

Amount* Wasted for 

.!!"~~-t_:::cn t/D ~~~-~-~ 
(wet) 

0 kg/kkn of Product 

{dry) 
_o __ kn/kkg of Product 

T rcatmen t/Di sposa I 
C osts/Leve I~ 

---------------r--~D_o_l_la_r __ s Q975L~**~----
Level I Levcl II Level Ill 

lnvestmen t C 0s ts 
Lar.d 
Othe:· 
Total Fixed 

P,nnual Cmh 
Capital Co~f·s 
Ope.-aHng 
Maini·cnancc 
Energy & Power 
ContrCJcl S(?IVices 
Total Annualized 

(1) 

0 
0 
0 

0 
0 
0 
0 
0 
0 

Cost/kkg of pre-duct 0 
Costjkkg of wet sludge 0 
Co~t/kkg of dry sludge** 0 

(2) 
NA 

N~-=-i"Torappl icaote ·---·----

Dc~c-:.l:ilt i~~-~~~T.recJ~~~ t/ _ _!?.ispo~a I Technc lo'J)~: 

(1) 

0 
57,sgo 
57,5 

6,750 
0 
4,400 
0 
0 

11,150 

2.79 
NA 
NA 

(2) 
NA 

(1) 
same 

as 
Level II 

2.79 
NA 
NA 

---------------1~-

Level I {1) Retention of sludge in unlined treatment ponds 
(2) The practice of wasting sludge is not typical in this category 

Level II (1) Retention of sludge in concrete lined treatment ponds (0.38 ha.) 
•(2) Same as Level I 

leve I Ill ( 1) Same as Leve I II 
(2) Same as Level I 

-------. 
(2) 
NA 

*The amount of sludge retained cannot be based on the production rate. The estimated amount 
retained by this typical plant ls: 
~600 kg (wet),64 kg (dry) co~taining 0.32 kg total heavy metals, 0.0041 kg total chlorinated 
organics and 3.2 kg total dyestuff. 
**Solids in sludge contain potentially hazardous constifuents. 
***To convert costs to December, 1973 dollars, multip y by 0.82. 
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revels II and III costs were develq:>ed assuming: 

a. an investment of $57,500 to line a 0.38 ha. treatment 
pond with concrete anortized over 20 years. 

b. a maintenance cost of $4,400/year to clean the lined pond 
every 5 years for inspection and repair of damage. 

c. no cost for sludge disposal. 

The total oosts for each level of teclmol6gy are sunmarized below. 

'Ibtal Cost 
Cost Factor Level I Level II level III 

$/kkg of product 0 2.79 2.79 

$/kkg of waste stream 0 not rot 
applicable applicable 

$/kkg of dry sludge 0 not not 
applicable applicable 

5.4.2.6 category F- Ccn'pet Dyeing and Finishing, Table 5-10 

'!he typical plant in this industry category was costed for the 
following three levels of techmlogy: 

Level I (1) Retention of sludge in unlined treatment ponds 
(2) The practice of wasting sludge is not typical 

in this category 
Level II (1) Sarre as Level I 

(2) sarre as Level I 
Level III (1) Retention of sludge in 20 mil PVC lined treatment 

ponds (0.38 ha.) 
(2) Sane as Level I 

revels I and II costs were developed assuming: 

a. no cost for present sludge retention. 

b. no cost for sludge disposal. 

revel III costs were develq;>ed assuming: 

a. an investment of $33,900 to line a 0.38 ha. treatment pond 
with 20 mil PVC arrortized over 20 years. 

b. a maintenance oost of $4,250/year to clean the lined pom 
evecy 5 years for inspection and repair of damage. 

c. ·no cost for sludge disposal. 
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Tcblc 5-10 Category F TypioJ! Plant Costs For Treatment and Disposal, EJ?5 

====·:-=== 

Typic<:~! Plant 
Characleristics 

Identification of 
W'-!!._~8 Stream(s) 

(1) Retained Wastewater 
Treatment Sludge 

(2) Wasted Wastewater 
Treatment Sludge 

Annual Produdion 

jl_975l 

_1,9,000 kkg/yr. 

Composition 
of Wasi·e 

Water, fibers, biological 
+chemical suspended 
sol ids with adsorbed 
heavy metals, chlorinated 
organics +dyestuff 

Localion 

Southeastern U.S. 

Physical 
Form 

Liquid-solid 
Sludge 

Dollars (1975)*** 

Process 

Carpet 
~ing and Finishing 

Amount* Wasted for 
T reatrnen t/D i ~posa I 

(wet) 
0 kg/kkg of Product 

(dry) 

0 kg/kkg of Product 

Trcatment/Di sposal 
~ts/Levels 

·-,----------------
Level I 

Investment Costs 
Lanrl 

\1) (2) 

0 NA 
Other 0 
Total Fixed 0 

Anm~e1l Co.sts 
Capi tnl Costs 0 
Operating 0 
Maintcr:ance 0 
Erwrg)' & Power 0 
Conl"ract Services 0 
Tolal Annuali;:ed 0 

Cost/kkg of product 0 
Costj!d:g of wet sludge 0 
Cvst/kLgof dry sludge*,. 0 
-NA--: Not applicaEi.-le-----·----.L. 
D.:s~!_:ip_tio!~_9.f Trcal·ment/ Disposal Technology: 

Level II 
( 1) (2) 

same NA 
as 

Level I 

0 
0 
0 

Level I (1) Retention of sludge in unlined treatment ponds 

Level II I 
( l) (2) 

0 NA 
33,900 
33,900 

3,980 
0 

4,250 
0 
0 

8,230 

0.82 
NA 
NA 

(2) The practice of wasting sludge is not typical in this category 
Level II (1) Same as Level I 

{2) Same as Level I 
Level Ill {1) Retention of sludge in 20 mil PVC lined treatment ponds (0.38 ha.) 

(2) Same as Leve I I 
*The amount of sludge retained cannot be based on the production rate. The estimated amount 
retained by this typical plant is: 
22,000 kg (wet), 5.2 kg (dry) containing 0.041 kg total heavy metals, 1.4 x 10•4 kg total 
chlorinated organics and 0.26 kg total dyestuff. 
**Solids in sludge contain potentially hazardous con\tifuf:ntsA 
***To convert costs to December, 1973 dollars, multrp y by v.82. 

5-26 



The total costs for each level of technology are surmari.zed below. 

Cost Factor level I 

$/kkg of p~uct 0 

$/kkg of waste stream 0 

$/kkg of d:ty sludge 0 

Total Cost 
level II 

0 

0 

0 

level III 

0.82 

not applicable 

not applicable 

5.4.2. 7 Category G- Yam and Stock I?yeing and Finishing, Table 5-11 

'!he typical plant in this industry category was costed for the 
follcMing three levels of technology: 

level I (1) Retention of sludge in unlined treat:nent ponds 
(2) 'Ihe practice of wasting sludge is not typical 

in this categocy 
revel II (1) Sane as level I 

( 2) sane as level I 
level III (l) Petention of sludge in 20 mil PVC lined treat

rrent ponds (0. 89 ha.) 
( 2) Sarre as level I 

levels I and II costs were developed assuning: 

a. oo oost for present sludge retention. 

b. no cost for sludge disposal. 

level III oosts were develq>ed ass\.11\i.ng: 

a. an invest:rrent of $80,430 to line a 0.89 ha. treatrrent pond 
with 20 mil PVC annrtized over 20 years. 

b. a maintenance oost of $9 ,400/year to clean the lined pond 
every 5 years for inspection and mpair of dana.ge. 

c. no oost for sludge disposal. 

'!he total oosts for each level of technology am sunmarized below: 

Total Cost 
Cost Factor level I, level II level III 

$/kkg of product 0 0 1.11 

$/kkg of waste stream 0 0 not applicable 

$/kkg of dry sludge 0 0 not applicable 
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Table 5-11· Category Glypical Plant Costs For Trcat·ment and Disposal, 1975 

Typical Plcmt 
Characteristics 

Identification of 
Waste Stream(s) 

(1) Retained Wastewater 
~gtL 

(2) Wasted Wastewate~ 
T1eatment Sludge 

Treatment/Dispose I 
Costs/Leve Is 

lnvestmen t Co~ts 
Land 
Other 
Total Fixed 

Annual Costs 
Capital Cos1s 
Operating 
Mointenance 
Energy & Power 
Contract Services 
Total Annualized 

Cost/kkg of product 
Cos1/kkg of wet sludge 
Co~t/kkg of dry sludge** 
--------

Annual Production 
(1975) 

Location 

_1;.;..7~,0....;..00.;..__kkg/yr. Southeastern U.S. 

Composition 
of Waste 

Physical 
Form 

Water, fibers, biological 
+chemical suspended 
sol ids with adsorbed 
heavy metals, chlorinated 
organics and dyestuff 

Liquid-solid 
sludQe 

Dollars (1975) *** 

Level I Level II 
(1} (2) {1) (2} 

0 NA same NA 
0 as 
·0 Level I 

0 
0 
0 
0 
0 

0 

0 0 
0 0 
0 0 

Descriptioll.5'f Treatment/ Di:Eosal Technology: 

Level I (1} Retention of sludge in unlined treatment ponds 

Manufacturing 
Process 

Yarn and Stock 
Dyeing and Finishing 

Amount* Wasted for 
Treatmen t/D i spoXJ I 

(wet) 
_...JL_ kg/kkg of Product 

(dry) 
0 kg/kkg of Product 

Level Ill 
(1) (2) 

0 NA 
80,430 
80,430 

9,440 
0 

9,400 
0 
0 

18,840 

1.11 
NA 
NA 

(2) The practice of wasting sludge is not typical in this category 
Level II (1) Same as Level I 

(2) Same as Level I 
Level Ill {1) Retention of sludge in 20 mil PVC lined treatment ponds (0.89 ha.) 

{2) Same as Level I 
*The amount of sludge retained cannot be based on the production rate. The estimated amount 
retained by this typical plant is: _4 
20,000 kg {wet), 2.9 kg (dry) containing 0.01 kg total heavy metals, 1.2 x 10 kg total chlorinated 
organics and 0.14 kg total dyestuff. 
**Solids in sludge contain potentially hazardous constituents. 
*** To convert costs to December, 1973 dollars, multiply by 0.82. 
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5. 5 Extrftlelation of Teclmology Costs to the Industcy Categories 
and e Entire IIXlUStry 

Table 5-12 sumnarizes the estimated treatment and disposal costs 
for the whole of the indus tty categories and the entire textiles in<'iustry. 
'!he costs relate only to that part of the indusb:y category that presently 
or will utilize the tedmo1ogies cited. '!he follc:Ming is an exanple of 
the rcethodology used to extrapolate the costs for category D, W:>ven Fabric 
Dyeing and Finishing: 

Level I 

'Ibtal category oost = 1,801 x [<o.Ol9xa) + (5.54xb x c>] 

Level II 

~tal category cost= 1,801 x ~0.09xa) + (5.54ld:> x c)] 

Level III 

'lbtal categm:y cost= 1,801 x [co.o9xa) + (1.47xb) + (5.88xb x c>]. 

where 1,801 = total category production in kkg x 103 

0.019, 5.44, 0.09, 1.47 and 5.88 = $/kkg of product for each techrx>logy 
taken fran Tables 5-2 and 5-8 

a = 1.0 = ratio of production in category that has cx::mtainer wastes 

b = 0.65 = ratio of production in category with direct discharge 

c = 0. 56 = ratio of direct discharge production that wastes sludge 

The estimated total annual ex>sts for the entire indusb:y at the 
three levels of technology are $4,664,600, $6,532,800 and $11,704,000 
respectively. The total indusb:y rates in teDns of $/kkg of product are 
0.88, 1.24 and 2.21 respectively. 'Ihe difference between what the industry 
is presently sperrling and what is required for adequate health and environ
rrental protection is awroximately $7,000,000. This anounts to cnly $1. 32/kkg 
of total production. 

5.6 

Table 5-13 sumnarizes the techzx>logy costs as a percent of sales 
value for the various indusb::y categories and the entire irrlustry. 'Ihe 
sales values on the table \\1ere taken fran 1972 Census of Manufacturers 
reports and upgraded to 1975 values by assuming a 5% per year increase. 
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Industry Category 

A -Wool Scouring 

B -Wool Fabric 
Dyeing and Fin ish ing 

Table 5-12 

Extrapolation of Technology Costs to the Industry 
Categories and the Entire Textiles Industry 

Annual Production Annual Costs, 1975 Dollars 
Thousand Metric Tons Level I Level II 

69 850,000 988,000 

309 13,600 13,600 

* 
Level Ill 

1,910,000 

754,000 

C - Gre ige Goods 3,000 No potentially hazardous wastes -no technology costs 

D -Woven Fabric 1,801 3,700,000 
Dyeing and Finishing 

E -Knit Fabric n1 21,600 
Dyeing and Finishing 

F -Carpet 679 3,400 
Dyeing and Finishing 

G - Yam and Stock 1,660 76,000 
Dyeing and Finishing 

TOTAL Industry 5,289* 4,664,600 

TOTAL Industry Rate $/kkg of product 0.88. 

$/kkg of potentially hazardous 
waste (dry weight) $97. 

$/kkg of potentiall~ hazardous 
waste (wet weight $2.40 

* To convert costs to December, 1973 dollars, multiply by 0.82 
** D~s not include Category C - Gre ige Goods 

3,800,000 5,740,000 

1,600,000 1,600,000 

3,400 400,000 

83,000 1,300,000 

6,488,000 11,704,000 

$1.23 $2.21, 

$134 $242 

$3.35 $6.03 



Industry Category 

A -Wool Scouring 

8 -Wool Fabric 
Dyeing and Finishing 

C - Greige Goods 

D -Woven Fabric 
'{' Dyeing and Finishing w 
~ 

E - Knit Fabric 
Dyeing and Finishing 

F- Carpet 
Dyeing and Fin ish ing 

G - Yarn and Stock 
Dyeing and Finishing 

Weighted Average 
For Entire Industry 

* 1975 Dollars 

Table 5-13 

Comparison of Technology Costs With the Total Sale_s by 
Industry Category and the Entire Textiles Industry 

Sales Value* 
$;kkg 

Technology Costs as Percent of Sales Value 

3,000 

1,650 

Level I Level II Level Ill 

0.4 

0.003 

0.5 

0.003 

0.9 

0.15 

No potentially hazardous wastes - no technology costs 

1,280 0.16 0.16 0.25 

1,840 0.0015 0.11 0.11 

1,850 0.0003 0.0003 0.032 

450 0.01 0.01 0.17 

1,218 0.07 0.1 0.18 



Values are less than 1% for all industry categories at all three 
technology levels. '!he weighted average values for the entire industry 
at the three levels of technology are 0.07%, 0.1% and 0.18% respectively. 
For less than 0. 2% of the sales value, the entire industry can provide 
treatmant/disposal technology for potentially hazardous land-destined 
wastes that will give adequate health and envirol'"lrental protection. 

5. 7 Treat:mant/Diswsal costs for Miscellaneous Atypical Potentially 
Hazardous 'Iextile'3 rnduc:;try rhJastes 

Table 5-14 · sunmarizes the current treatirent/disposal costs for 
the miscellaneous wastes listed in Table 4-4. These costs have rot been 
extrapolated for the entire industl:y because there is insufficient infor
mation on the frequency of their occurrence. For sane plants the costs of 
treating and disposing of these wastes may be IIDre significant than those 
for either wastewater treatmant sludges or dye and chemical containers. 
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Table 5-14 

Costs for Treatment/Disposal of 
Miscellaneous Atypical Potentially 
Hazardous Textile Industry Wastes 

Waste Quantity 
Subcategory* Description kg/kkg of product 

A none none 

B Still bottoms 5 
from recovery 
of chlorinated 
solvents 

D Hydrocarbon 50 
solvent and 
sludges 

D Finishing sludges 333 
containing 
adhesives, silicones 
and solvents 

E Acetone recovery 
still bottoms 

E Perchloroethylene 
still bottoms 

F Lint with wet 
dye 

G Solvent and 
resin slurries 

* A - Wool Scouring 
B- Wool Fabric D & F 
D- Woven Fabric D & F 
E- Knit Fabric D & F 
F - Carpet D & F 
G- Yarn and Stock D & F 

63 

10 

12 

0.09 
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Present 
Present Cost 
Treatment/Dispose I $/year 

landfill or dump 100 

landfill 5,000 

landfill 1,500 

incineration 7,150 

reclaimed by no charge 
contractor 

landfill 10,800 

landfilled 100 
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APPENDDC A 

GOOSSARY 

Accelerant - A chemical used to speed up chemical or other processes. For 
exanple, accelerants are used in dyeing triacetate and polyester fabrics. 

Acid Dyes - See Dyes. 

Actinic Resistance - Ability to retain strength and resist deterioration on 
exposure to sunlight. 

Activated carbon - Cllarcoal, nostly of vegetable origin, of high absorptive 
capac~ty. It is used for deoolorizing liquids and other adsorption 
purifications. Usually made by cazbon.ization and chemical activation. 

Aesthetics - In textiles, properties perceived by touch and sight, such as 
the hand, color, luster, drape, and texture of fabrics and ganrents. 

After treat:nent- A tenn which is nonnally used in relation to processes 
carn.ed out after dyeing or printing to i.nprove fastness properties 
and/or to produce nonm.l shades. 

Ageing - 1. 'Ihe deterioration of textile or other materials caused by the 
gradual oxidation in storage and/or exposure to light. 2. The oxida
tion stage of alkali-cellulose in the manufacture of viscose rayon 
fran bleached wood pulp. 3. Originally a process in which printed 
fabric was ~sed to a hot, noist at:nosF(lere. Presently, the tennis 
applied to the treatnent of printed fabric in noist steam in the absence 
of air. Ageing is also used for the developrent of certain colors in 
dyeing, e.g. , aniline black. 

Ager - A steam chanber used for the ageing of printed or padded material. 

Aniline pyes - See dyes. 

Animal Fibers - Fibers of animal origin such as wool, alpaca, carrel hair, 
and sJ.lk. 

Anthraquinone nyes - See Dyes. 

Azo Dyes - See Dyes. 

Azoic Dyes - See Dyes, Naphthol Dyes. 

Backcoating - '!he application of latex or adhesive to the back of a cm:pet 
to anchor the tufts, usually folla.Ned imnediately by the addition of 
a seoondacy backing material such as woven jute or noiMOven polypro
pylene. 
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Backing - 1. A general te.rm for any system of yarn which interlaces on the 
back of a textile rraterial. 2. A knit or woven fabric or plastic foam 
bonded to a face fabric. 3. A knit or woven fabric bonded to a vinyl 
or other plastic sheet material. 4. See carpet Backing. 

Backwinding - 1. Rewinding yam fran one type of package to another. 
2. Winding yarn as it is dekni t. 

Balling Up - A yarn defect in which loose of frayed fibers fonn into a ball 
and are then woven into the fabric. 

Basic pyes - See Dyes. 

BCF Yams - Bulked continuous filament yams for carpet trade, nostly nylon 
but occasionally polypropylene. 

Beam - A cylinder of wood or IIEtal, usually with a circular flange on each 
end, on which warp yarns are wound for slashing, weaving, and warp 
knitting. 

Beam Dyeing Machine - A high-tenperature dyeing machine for dyeing warp 
yarns or fabrics which have been wound onto a special beam, the barrel 
of which is evenly perforated with holes. 'lhe dye liquor is forced 
through the yarn or fabric from inside to outside. 

Beaming- The operation of winding warp yarns onb;> a beam in preparation for 
slashing, weaving, or warp knitting. 

Beck - A vessel for dyeing fabric in rope fom, consisting primarily of a 
tank and a reel to advance the fabric. 

Bleaching - Any of several processes to remove the natural and artificial 
inpuri ties in fabrics to obtain clear whites for finished fabric or in 
preparation for dyeing and finishing. 

Bleeding - Loss of color by a fabric or yarn when i.nm:!rsed in water, a solvent, 
or a similar liquid nedium, as a result of inproper dyeing or the use 
of dyes of poor quality. Fabrics that bleed cause staining of white 
or light shade fabrics in contact with them while wet. 

Blending - The carbining of staple fibers of different physical characteris
tics to assure a unifonn distribution of these fibers throughout the 
yarn. 

Bonded Fabric - A fabric containing two or rore layers of cloth joined 
together with resin, rubber, foam, or adhesive to fo.tm one ply. 

BrusllMJ - A finishing process in which rotating brushes raise a nap on 
t or woven fabrics. Brushing is used on sweaters, scarves, knit 

\.ttlderwear, wool broadcloths , etc. 
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Calendering - A rrechanical finishing process for fabrics to produce special 
effects, such as high luster, glazing, noire, and enbossed effects. 
In this operation, the fabric is passed between heated rolls under 
pressure. 

Carbonizing - A chemical process for eliminating cellulosic material fran 
wool or other animal fibers. '!he material is reacted with sulfuric 
acid or hydrogen chloride gas follCMed by heating. W:len the material 
is dry the carbonized cellulose material is dust-like and can be 
rerroved. 

Carding - A process in the manufacture of sp1.m yarns whereby the staple 
is opened, cleaned, aligned, and fonred into a continuous, 1.mtwisted 
strand called a sliver. 

earpet Backing - A primary backing through which the carpet tufts are inserted 
is always required for tufted carpets. The backing is usually made of 
woven jute or fonned (nonwoven) man-made fiber fabrics. A secondary 
backing, again made of jute or man-made fibers, is nomally added at the 
latex backcoating stage. Carpet backings are an inportant end use for 
fonred fabrics. 

carpets - Heavy functional and ornarrental floor coverings consisting of pile 
yarns or fibers and a backing system. '!hey may be tufted or woven. 
Also see Tufted carpet. 

Carrier - 1. A product added to a dyebath to praTOte the dyeing of hydro
phobic man-made fibers and characterized by the affinity for, and 
ability to swell, the fiber. 2. A rroving holder for a package of yam 
used on a braiding machine. 3. A tenn saootimes used to describe 
the tube or bobbin on which yam is wound. 

CatiOniC DyeS - See DyeS 1 BasiC DyeS o 

Cellulose Material - Material carp:>sed of or derived fran cellulose (e.g., 
cotton, rayon, acetate and triacetate). 

Chain Dyeing - See Dyeing. 

Qleese - A cylindrical package of yam wound on a flangeless tube. 

Chelating f1ent - A carpotmd that will inactivate a rretallic ion by naking 
it an mtegral part of an inner ring structure. The rretal is 
attached by coordinate links to two or m:>re I1011Iretal atans in the 
sane m:>lecule. 

Circular-Knit Fabric - A tubular weft-knit fabric made on a circular-knit
ting machme. 
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Coated Fabric - A fabric to which a substance such as laCXJUer, plastic, resin, 
rubber, or varnish has been applied in finnly adhering layers to provide 
certain properties, such as water inpenreabili ty. 

Calbing- A step subsequent to carding in cotton and worsted system processing 
which straightens the fibers and extracts neps, foreign matter, and 
short fibers. carbing pnx:luces a stronger, nore even, nnre cnrnpact, 
finer, srroother yam. 

Coning - '!he transfer of yam fran skeins or bobbins or other types of packages 
to oones. 

Converted Fabric - A finished fabric as distinguished fran greige fabric. 

Converter - An incli vidual or organization which buys greige fabrics and sells 
them as a finished product to cutters, wholesalers, retailers, and others. 
The oonverter arranges for the finishing of the fabric, nanely bleach
ing, mercerizing, dyeing, printing, etc. , to the buyers' specifications. 

Crimp - 'lhe difference in distance between two points on an lmStretched fiber 
and the sam: two points when the fiber is straightened under specified 
tension. 

Crocking- '1he renoval of dye fran a fabric as a result of insufficient dye 
penetration or fixation. 'Ibis is caused by the use of improper dyes 
or dyeing methods, or insufficient washing and treatment after the dyeing 
operation. 

Cross Dyeing - See Dyeing. 

CUt Pile - A pile surface obtained by cutting the loops of yarn in a tufted 
or woven carpet. 

Decatizing (Decating) - A finishing process in which fabric,wound tightly 
on a perforated roller, either has hot water circulated through it 
(wet decatizing), or has steam blam through it (chy decatizing) • The 

process is aimed chiefly at inproving the hand and renoving wrinkles. 

Denier- A weight-per-unit-length rceasure of any linear material. Officially, 
J.t is the nunber of unit weights of 0.05 grams per 450-rreter length. 
This is numerically equal to the weight in grams of 9,000 meters of the 
material. 

Deregistering (crinp) - 'Ille process of disordering or disaligning the crimp 
in a tcM band to produce bulk. 

Developed Dyes - See Dyes. 

Developing - A stage in dyeing or printing in which leuoo ccnpounds, dyes 
or dye intenrediates are converted to the final, stable state or shade. 
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Dip I?yeing - See Dyeing. 

Direct pyes - See Dyes. 

Direct Printing - See Printing. 

Discharge Printing - See Printing. 

Disperse pyes - See Dyes. 

Doctor Blade - A rretal knife which cleans or scrapes the excess dye fran 
engraved printing rollers, leaving dye paste only in .the valleys of 
engraved areas. Also used to describe other blades which are used 
to apply materials evenly to rollers or fabrics. 

Dope-Dyed - See Dyeing, Mass-Colored. 

Double-Knit Fabric -A circular-knit fabric with a double thickness pro
duced by usmg a double stitch on machines enploying two sets of 
needles (dial and cylinder) • 

Drafting - See Drawing 1. 

Drape - A tenn to describe the way a fabric falls while it hangs. 

Drawing - 1. The process of attenuating or increasing the length per unit 
weight of laps, slivers, slubbings, or ravings. 2. 'Ihe hot or cold 
stretching of continoous filanent yam or tCM to align and arrange 
the crystalline structure of the rrolecules in order to achieve improved 
tensile properties. 

Drying eylinders - Any of a nmber of heated revolving cylinders for drying 
fabric or yam. They are arranged either vertically or horizontally 
in sets, with the nmber varying according to the material to be 
dried. They are often internally heated with steam and Teflon-coated 
to prevent sticking. 

pyeing -A process of coloring fibers, yam, or fabrics with either natural 
or synthetic dyes. Sane of the major dyeing processes are described 
belCM: 

a. Batik - A resist-dyeing process in which portions of a fabric 
are coated with wax, and during the dyeing process, only the 
tmcovered areas take the dye. 'Ihe process can be repeated so 
that several colors are used. Batik dyeing is often imitated in 
machine printing. 

b. Chain Dyeing - A rrethod of dyeing yarns and fabrics of lCM tensile 
strength by tying them end-to-end and rtmning them through the 
dyebath in a continuous process. 
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c. Cross Dyeing - A nethod of dyeing blends or cant>ination fabrics to 
two or nore shades by the use of dyes with different affinities for 
the different fibers. 

d. Dip Dyeing - A general term used for the dyeing of hosiery and other 
knit gcxx:1s to differentiate with yam dyeing. In this sense, it is 
synonyroous with piece dyeing. 

e. High-Terrperature Dyeing - A dyeing operation in which the aqueous 
dyebaths are maintained at temperatures greater than 100 ° C by use 
of pressurized equiprrent. Used for many man-made fibers. 

f. Ingrain - A term used to describe yam or stock which is dyed in two 
or :rrore shades prior to knitting or weaving to create blended color 
effects in fabrics. 

g. Mass-COlored - A term to describe a man-made fiber (yarn, staple, or 
t.c:M) wlu.ch has been colored by the .i,ntroduction of pigments or insoluble 
dyes into the rx>lymer nelt or spinning solution prior to extrusion. 
Usually, the colors are fast to nost destructive agents. 

h. Muff-Dyeing- A fonn of yam dyeing in which the cone has been rerroved. 

i. Package Dyeing - See Dyeing, Yarn Dyeing. 

j . Pad Dyeing - A fonn of dyeing whereby a dye solution is applied by 
rreans of a padder or mangle. 

k. Piece Dyeing - 'lhe dyeing of fabrics "in the piece", i.e. , in fabric 
form after weaving or knitting as opposed to dyeing in the fo:rm of 
yarn or stock. 

1. Pressure Dyeing - Dyeing by neans of forced circulation of dye 
through packages of fiber, yarn, or fabric under superatnospheric 
pressure (100-200 psi). 

rn. Printing - See Printing. 

n. Reserve Dyeing - 1. A nethod of dyeing in which one carp:>nent of a 
blend or carbination fabric is left tmdyed. 'lhe oojective is 
accomplished by the use of dyes which are substantive to the fiber 
to be colored but which are not substantive to the fiber to be 
reserved. 2. A rrethorl of treating yarn or fabric so that in the 
subsequent dyeing operation the treated portion will not be dyed. 

o. Skein Dyeing - The dyeing of yarn in the form of skeins, or hanks. 

p. Sol vent p:(eing - A dyeing nethod based on the solubility of the dye 
in sare liquid other than water, although water may be present in 
the dyebath. 
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q. ~ce Dyeing - A yarn-dyeing process in which each strand is dyed 
Wl. th rrore than one color at irregular intervals. Space dyeing 
produces an effect of unorganized design in subsequent fabric form. 
The two primal:y nethcds are knit-de-knit and warp printing. 

r. Spun Dyed - See Dyeing, Mass-COlored. 

s. Stock Dyeing - 'lhe dyeing of fibers in staple form. 

t. Thermal Fixation - A process for dyeing !X)lyester, where the oolor 
is diffused mto the fiber by neans of dJ:y heat. 

u. Union Dyeing - A rrethod of dyeing a fabric containing two or rrore 
fibers or yams to the sarre shade so as to achieve the appearance 
of a solid colored fabric. 

v. Yam Dyeing - The dyeing of yarn before the fabric is woven or knit. 
Yam can be dyed in the form of skeins, nruffs, packages, cheeses, 
cakes, chain-warps, and bearrs. 

Dyeing Auxiliaries - Various substances which can be added to the dyebath 
to aid dyeing. 'lhey may be necessary to transfer the dye fran the 
bath to the fiber or they may provide inproverrents in leveling, penetra
tion, etc. Also called dyeing assistants. 

~ - Substances which add color to textiles by adsorption into the fiber. 
Dyes differ in their resistance to sunlight, perspiration, washing, 
gas, alkalies, and other agents; their affinity for different fibers; 
their reaction to cleaning agents and rrethods; and their solubility 
and nethod of application. Dyes are ccmnercial preparations containing 
only approxi.na.tely 50 per cent pure dyestuff, with the rest being scm: 
inert filler such as sugar and surfactants. Various classes and types 
are listed belCM: 

a. Acid Dyes - A class of dyes used on wool and other animal fibers. 
Acid dyes are seldan used on cotton or linen since this process 
requires a rrordant. Acid dyes are widely used on nylon when high 
washfastness is required. In sare cases, even higher washfastness 
can be obtained by aftertreatment with fixatives. Acid dyes are 
carparatively small dye rrolecules with one or nore sulfonic acid 
groups attached to the organic substrates. 

b. Aniline Dyes - Dyes derived chemically fran aniline or other coal 
tar derivatives. Aniline dyes are used mainly on cotton. 

c. Anthraquinone Dyes - Dyes which have anthraquinone as their base and 
the carlx>nyl group ::::.c = 0 as the clu:arophore. Anthraquinone
based dyes are found in rrost of the synthetic dye classes. 
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d. Azo Dyes - Dyes characterized by the presence of the azo group 
-N=N- as the chrarophore. Azo dyes are found in nany of the 
synthetic dye classes. Azo dyes are used mainly on cotton and 
rayon fabrics. 

e. Azoic Dyes - See Dyes, Naphthol Dyes. 

f. Basic Dyes - A class of positive-ion-carrying dyes known for their 
brilliant hues. Basic dyes are composed of large-nolecule, water
soluble salts which have a direct affinity for wool and silk and can 
be applied to cotton with a rrordant. The fastness of basic dyes on 
these fibers is very poor. Basic dyes are also used on basic
dyeable acrylics, nodacrylics, and polyesters, on which they exhibit 
reasonably good fastness. 

g. Cationic Dyes - See Dyes, Basic Dyes. 

h. Developed Dyes - Dyes which are fonred by the use of a developer. 
The substrate is first dyed in a neutral solution with a dye base, 
usually colorless. The dye is then diazotized with scxlium nitrite 
and an acid after which it is treated with a solution of p-naphthol, 
or a similar substance, which is the developer. Direct dyes are 
developed to produce a different shade or to improve washfastness 
and lightfastness. Developed dyes are used on both cotton and 
rayon fibers. 

i. Direct Dyes - A class of dyestuffs which are applied directly to the 
substrate in a neutral or alkaline bath. They produce full shades on 
cotton and linen without rrordanting and nay also be applied to rayon, 
silk, and wool. Direct dyes give bright shades but exhibit poor 
washfastness. Various aftertreat:Irents are used to improve the wash
fastness of direct dyes (such dyes are referred to as 11aftertreated 
direct colors11

). 

j. Disperse Dyes - A class of dyes which are only slightly water soluble 
originally introduced for dyeing acetate and usually applied fran 
fine aqueous suspensions. Disperse dyes are widely used for dyeing 
rrost man-nade fibers. 

k. Fiber-Reactive Dyes - A type of water soluble anionic dye having 
an affinity for cellulose fibers. In the presence of an alkali, 
the dyes react with hydroxyl groups in the cellulose and thus are 
linked with the fiber. Fiber reactive dyes are relatively new" dyes 
and are used extensively on cellulosics when bright shades are 
desired. 

1. l-Etallized Dyes - A class of dyes that have m:tals in their nolecular 
structure. They are applied fran an acid bath. Metallized dyes are 
used on nylon, silk and wool. 
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rn. Naphthol Dyes - A type of azo camponnd fomed on the fiber by first 
treating the fiber with a phenolic compound. 'Ihe fiber is then 
i.rrroorsed in a second solution containing a diazonium salt which 
reacts with the phenolic COI'CpJund to produce a colored azo componnd. 
Since the phenolic conpound is dissolved in a caustic solution, these 
dyes are mainly used for cellulose fibers, ha.vever, other fibers 
can be dyed by m:xlifying the process. (Also see Developed Dyes) . 

n. Prernetallized Dyes - Acid dyes which are treated with coordinating 
netals such as chranium. This type of dye has nru.ch better wet
fastness, than regular acid dyes. Premetallized dyes are used on 
nylon, silk and wool. 

o. Sulfur Dyes - A class of water-insoluble dyes which are applied 
in a soluble, reduced fonn fran a sodium sulfide solution which are 
then reoxidized to the insoluble fonn on the fiber. Sulfur dyes 
are mainly used on cotton for economical dark shades of m:::xierate 
to good fastness to washing and light. They generally give very 
pJOr fastness to chlorine. 

p. Vat Dyes - A class of water-soluble dyes which are applied to the 
fiber in a reduced, soluble fonn (leuco crnponnd) and then reoxidized 
to the original insoluble fonn. Vat dyes are arrong the nost 
resistant dyes to both washing and sunlight. '!hey are widely used 
on cotton, linen, rayon and other vegetable fibers. 

Dye Sites - Functional groups within a fiber which provide sites for chemical 
bonding with the dye rrolecule. Dye sites may be either in the polymer 
chain or in chemical additives included in the fiber. 

Dyestuff - The chemical carponent of dyes that inparts the color to a fabric; 
usually a carplex, organic compound. 

Exhaustion - During wet processing, the ratio at any tine between the arrount 
of dye or substance taken up by the substrate and the arronnt originally 
available. 

Extract Printing - See Printing, Discharge Printing. 

Fastness - Resistance to facing; i.e., the property of a dye to retain its 
color when the dyed (or printed) textile material is exposed to con
ditions or agents such as light, perspiration, atm::>spheric gases, or 
washing that can renove or destroy the color. A dye may be reasonably 
fast to one agent and only rroderately fast to another. Degree of fast
ness of color is tested by standard procedures. Textile materials often 
nrust neet certain fastness specifications for a particular use. 
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Feel - See Hand. 

Fell - The end of a piece of fabric which is woven last. 

Fiber-Reactive Dyes - See Dyes. 

Filament - A fiber of indefinite or extreme length such as found naturally 
J.n silk. Man-made fibers are extruded into filarrents which are 
converted into filament yarn, staple, or tow. 

Filling - In a woven fabric, the yam running from selvage to selvage at 
right angles to the warp. Each crosswise length is called a pick. 
In the weaving process, the filling yam is carried by the shuttle or 
other type of yarn carrier. 

Finish - 1. A substance or mixture of substances which are added to textile 
materials to inpart desired properties. 2. A process, physical or 
chemical, applied to textile materials to produce a desired effect. 
3. A property, such as sm:x:rthness, drape, luster,water repellency, 
flame retardancy or crease resistance which is produced by 1 and/or 
2 above. 4. The state of a textile material as it leaves a process. 
(Also see Finishing) • 

Finishing - All the processes through which the fabric is passed after bleach
ing, dyeing, or printing in preparation for the market or use. Finish
ing includes such operations as heat-setting, napping, enbossing, press
ing, calendering, and the application of chemicals which change the 
character of the fabric. The tenn finishing is also saretirres used to 
refer collectively to all processing operations above, incl~g 
bleaching, dyeing, printing, etc. 

Fixation - The process of setting a dye after the dyeing or printing 
operation, usually by steaming or other heat treat::rrent. 

Flock - '!he material obtained by reducing textile fibers to fragm:mts by· 
cutting or grinding. There are two main types: precision cut flock, 
where all fiber lengths are approximately equal, and randan cut flock, 
where the fibers are ground or chopped to produce a broad range of 
lengths. · 

Flocking- A rethod of cloth omarrentation in which adhesive is printed or 
coated on a fabric, and finely chopped fibers are applied all over by 
IOOanS of dusting, air-blasting, or electrostatic attraction. In flock 
printing, the fibers adhere only to the printed or coated areas and 
are rerroved fran the unprinted areas by machanical action. 

Fly - '!be short, waste fibers that are released into the air in textile 
processing operations such as picking, carding, spinning, and 
weaving. 
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Formed Fabric - An assembly of textile fibers which are held together by 
the mechanical interlocking in a randan web or mat, by fusing the 
fibers or by bonding with a cerrenting Iredium such as starch, glue, 
casein, rubber latex, or one of the cellulose derivatives or syn-
thetic resins. Fonred fabrics are used for expendable i terns, such 
as hospital sheets, napkins, diapers and wiping cloths, as the base 
material for the coated fabrics, and in a variety of other applications. 

Fulling - A finishing process used in the manufacture of woolen and worsted 
fabrics. '!he cloth is subjected to rroisture, heat, friction, chemicals, 
and pressure which cause it to mat and shrink appreciably in both the 
warp and filling directions, resulting in a denser, rrore ccmpact fabric. 

Garnetting - A process for reducing various textile waste materials to fiber 
by passing them through a machine called a garnett, which is similar to 
a card. 

Gilling - See Pin Drafting. 

Gray Fabric - See Greige Fabric. 

Grease ~1- ~1 shorn fran the sheep, unsecured and in its natural state. 

Greige Fabric - A fabric just off the loan or knitting nachine, i.e., in an 
unfinished state. 

Grey Fabric - See Greige Fabric. 

Hand - '!he qualities of a fabric, e.g. , softness, finmess, elasticity, 
-fineness, resilience, and other qualities perceived by touch. 

Hank - A skein of yarn. -
Heat-Setting - '!he process of irrparting d.im:msional stability and often other 

desirable properties such as wrinkle resistance and inproved heat resist
ance to man-made fibers, yarns, and fabrics by rreans of either rroist or 
dry heat. 

Heat-Transfer Printing - See Printing. 

Heddle - A cord around steel wire, or thin flat strips with a loop or eye 
near the center through which one or rrore warp threads pass on the loan 
so that its rroveiiEllt .may be controlled in weaving. 'Ihe heddles are 
held at both ends by ·the harness frarre. '!hey control the weave pattern 
and shed as the harnesses are raised and laorered during the weaving. 

High Tenp:rature Dyeing - See Dyeing. 

Hue - '!he attribute of colors that pennits them to be classed as red, 
- yellow, green, blue, or an intennediate between any contiguous pair 

of these colors. 
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Hydrophobic - Lacking affinity for, or the ability to absorb water. 

J-Box- A J-shaped holding device used in continuous operations to provide 
varying anounts of intenrediate material storage such as in wet 
processing of fabrics and in tcw production. The ma.terial is fed at 
the top and is plaited down to fill the long arm before being with
drawn fran the short ann. 

Jet Dyeing Machine - A high-tercperature piece-dyeing ma.chine \\hich circulates 
the dye liquor through a Venturi jet, thus :i.mpart.ing a driving force 
to nove the fabric. The fabric, in rope fonn, is sewn together to 
fonn a loop. 

Jig - A dyeing machine in which the fabric in open-width fonn is transferred 
repeatedly from one roller to another, passing each time through a 
botch of relatively small volume. Jigs are used for scouring, dyeing, 
bleaching and finishing. 

Jute - A bast fiber used for sacking, burlap, and twine, and as a backing 
ma.terial for tufted carpets. 

Kier - A large netal tank, capable of being heated unifonnly and used for 
wet processing. 

Kier Boil~ - 'Ihe process of boiling cellulosic materials in alkaline 
liquors in a kier at or above atmospheric pressure. 

Knitting - A rrethod of constructing fabric by interlocking a series of 
loops of one or nore yarns. The two major classes of knitting are 
warp knitting and weft knitting: 

a. Warp Knitting - A type of knitting in which the yarrJS generally 
run lengthwise in the fabric. The yams are prepared as warps 
on the beams with one or nore yarns for each needle. Exazrples 
of this type of knitting are milanese, raschel, and tricot 
knitting. . 

1. Milanese Knitting - A type of nm-resistant warp knitting with 
a diagonal rib effect using several sets of yams. 

2. Raschel Knitting - A versatile type of warp knitting ma.de in 
plain and jacx;tuard patterns; the latter can be made with 
intricate eyelet and lacy patterns and is often used for 
unde:rwear fabrics. Raschel fabrics are coarser than other 
warp knit fabrics, but a wide range of fabrics can be made. 
Raschel knitting machines have one or two sets of latch 
needles and up to thirty sets of guides. 

3. Tricot Kni ttin<? - A nm-resistant type of warp knitting in 
which either smgle or double sets of yarn are used. 
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B· Weft Knitting -A ccmnon type of knitting, in which one continuous 
thread runs crosswise in the fabric making all of the loops in 
one course. Weft knitting types are circular and flat knitting: 

1. Circular Knitting - 'lhe fabric is prcx:luced on the knitting 
machine in the fonn of a tube, the threads ming continuously 
around the fabric. 

2. Flat Knitting - The fabric is produced on the knitting machine 
in flat fonn, the threads alternating back and forth across the 
fabric. '!he fabric can be given shape in the knitting process 
by increasing or decreasing the loops. Full-fashioned gcu:nents 
are made on a flat knitting machine. 

Kusters Dyeing Range - continuous dye range for carpets. The mit wets the 
carpet, applies dyes and auxiliary chemicals by IreanS of a doctor blade, 
fixes the dyes in a festoon stearoor, and washes and dries the carpet in 
one pass through the range. An optional auxiliru:y unit may be installed 
to randanly drip selected dyes onto the backgromd shade for special 
styling effects. 'lhis process is called TAK dyeing. 

Lap - A continuous, considerably catpressed sheet of fiber tufts which is 
rolled under pressure into a cylindrical package, usually weighing 
40 to 50 pounds. 

Latex - A milky rubber raw material used as a backing for carpets. 

Leveling - Migration of dye nolecules leading to unifonn distribution of dye 
in a dyed material. Leveling may be a property of the dye or it may 
require chemical assistance. 

Lightfastness - The degree of resistance of dyed textile materials to the 
color-destroying influence of sunlight. 

Long sta;ele - A long fiber. In reference to cotton, long staple indicates 
a fiber length of not less than 1 1/8 inches. In reference to wool, 
the tenn indicates fiber 3 to 4 inches long sui table for CCIIYbing. 

ux:m- A machine for weaving fabric by interlacing a series of vertical, 
-parallel threads (the warp) with a series of horizontal, parallel 

threads (the filling). 'Ihe warp yarns fran a beam pass through the 
heddles and reed, and the filling is shot through the "shed" of 
warp threads by means of a shuttle or other device and is settled 
in place by the reed and lay. The woven fabric is then wound on a 
cloth beam. The principal elenents of the locm are the shedding, 
picking, and beating-up devices. In shedding, a path is form:rl for 
the filling by raising same warp threads while others are left down. 
Picking consists essentially of projecting the filling yarn from one 
side of the locm to the other. Beating-up forces the pick, which has 
just been left in the shed, up to the fell of the fabric. 'Ihis is 
accarplished by the reed which is brought forward with sare force by 
the lay. 
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Imp Pile - carpet construction in which the tufts are fonred into loop 
fran the supply yam. 

Lubricant - An oil or emulsion finish applied to the fibers ·to prevent damage 
during textile processing or to the knitting yarns to make them rrore 
pliable. 

Man-made Fiber- A class name for the various genera of fibers (including fila
m:mts) produced fran fiber-fanning substances which may be: (1) polyrrers 
synthesized from chemical catpOunds, e.g., acrylic, nylon, polyethylene, 
polyurethane, and polyvinyl fibers; (2) m:xlified or transfonood natural 
polyrrers, e.g., alginic and cellulose-based fibers such as acetates 
and rayons; or (3) mineral, e.g., glass. '!he tenn nan-made usually 
refers to all chemically produced fibers to distinguish them fran the 
truly natural fibers such as cotton, wool, silk, flax, etc. 

Mercerization - A treatlrent for cotton yam or fabric to increase its luster 
and affinity for dyes. The material is i.rrrrersed tmder tension in a 
cold sodium hydroxide (caustic soda) solution in warp, skein fonn, or 
in the piece, and is later neutralized in acid. 'Ihe process causes a 
pennanent swelling of the fiber and thus increases its luster. 

Metallized Dyes - See Dyes. 

Moire - A wavy or watery effect on a textile fabric, especially a corded 
fabric of silk, rayon or one of the man-made fibers. 

Mordant - A chemical used in same textile fibers to provide affinity for 
dyes. 

Muft - A loose skein of textured yam prepared for dyeing or bulking. 

Muff Dyeing - See Dyeing. 

Naphthol gyes - See Dyes. 

Napping - A finishing process !that raises the surface fibers of a fabric by 
rreans of passage over rapidly revolving cylinders covered with rretal 
points or teasel burrs. Outing, flarmel, and wool broadcloth derive 
their dCMny appearance from this finishing process. Napping is also 
used for certain knit goods, blankets, and other fabrics with a raised 
surface. : 

Narra...r Fabric.- Any nonelastic woven fabric, 12 inches or less in width, 
having a selvage on either side, except for ribbon or seam binding. 

Natural Fiber - A class name for the various genera of fibers (including 
filartEnts) of (1) animal, (2) mineral, or (3) vegetable origin. For 
exanple: (1) silk and' wool, (2) asbestos, and (3) cotton, flax, jute, 
and ramie. 
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Nep - A small knot of entangled fibers that usually will not straighten to 
a parallel position during carding or drafting. 

Noil - A short fiber which is rejected in the combing process of yarn 
-- manufacture. 

Opening - 1. A preliminary operation in the processing of staple fiber. 
Opening separates the conpressed masses of staple into loose tufts and 
rerroves the heavier .i.rrpuri ties. 2. An operation in the processing of 
tow that substantially increases the bulk of the tow by separating 
the filaments and deregistering the crimp. 

Optical Brightener - A colorless catp:)und which, when applied to the fabric, 
absorbs the ultraviolet rays in light and emits them in the visible 
spectrum. 

Package Dyeing - See Dyeing, Yarn Dyeing. 

Padding - The application of a liquor or paste to textiles either by passing 
the material through a bath and subsequently through squeeze rollers, 
or by passing it between squeeze rollers, the bottan one of which carries 
the liquor or paste. 

Paddle Dyeing Machine - A machine used for dyeing gannents, hosiecy, and 
other small pieces which are packaged loosely in mesh bags. The unit 
consists of an open tank and revel ving paddles that circulate the 
bags in the dyebath. 

Pad Dyeing - See Dyeing. 

Pennanent Press - A tenn describing a garment which has been treated so that 
~t reta~ its srrooth appearance, shape and creases or pleats in 
laundering. In such ganrents, no ironing is required, particularly if 
the ganrent is turrble dried. Pennanent press finishing is acccrcplished 
by several methods; two of the rrost camon are: (1) A fabric containing 
both a themoplastic fiber and cotton or rayon, may be treated with a 
special resin which, when cured, imparts the penranent shape to the 
cotton or rayon ccnponent of the fabric. The resin-treated fabric may 
be precured (i.e., cured in finishing and subsequently pressed in 
ganrent fonn at a higher ~rature to achieve the permanent shape) 
or postcured (not cured until the finished garment has been sewn and 
pressed into shape) • In both cases, the the:r::noplastic fiber in the 
ganrent is set in the final heat treatrrent. This fiber, when heat-set, 
also contributes to the pennanence of the ganrent shape, but the the:r::no
plastic component of the blend is needed for strength since the cotton 
or rayon ccnponent is sCJ'CEWhat degraded by the penranent-press treat
ment. (2) Ganrents made fran a fabric containing a sufficient arrount 
of a themoplastic fiber, such as polyester, nylon, or acrylic, pressed 
with sufficient pressure and ti.ne to achieve a penranent garment shape. 
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Photographic Printing - See Printing. 

Picking - 1. A process which continues the opening and cleaning of staple and 
forms a continuous fiber sheet (or lap), which is delivered to the card. 
2. 'Ihe operation of passing the filling through the warp shed during 
weaving. 

Piece nyeing - See Dyeing. 

Pigm::nt Printing - See Printing. 

Pile - 1. A fabric effect fonred by introducing tufts, loops, or other erect 
-- yarns on all or part of the fabric surface. Types of pile are warp, 

filling, and knotted pile, or loops produced by weaving an extra set of 
yarns over wires which are then drawn out of the fabric. Plain wires 
leave uncut loops; wires with a razor-like blade produce a cut pile 
surface. Pile fabric may also be made by producing a double-cloth 
structure woven face to face, with an extra set of yarn interlacing with 
each cloth alternately. 'Ihe two fabrics are cut apart by a traversing 
knife, producing two fabrics with a cut pile face. Pile should not be 
confused with nap. Corduroys are another type of pile fabric, where 
long filling floats on the surface are slit, causing the pile to stand 
erect. 2. In carpets, pile refers to the face yarn, as opposed to 
backing or support yarn. Pile carpets are produced by either tufting 
or weaving. (Also see Cut Pile and Loop Pile). 

Pin Drafting - Any system of drafting in which the orientation of the fibers 
relative to one another in the sliver is controlled by pins. 

Plying - Twisting together two or more single yarns or ply yarns to form, 
respectively, ply yarn or cord. 

Pressure Dyeing - See Dyeing. 

Printing - A process for producing a pattern on yarns, warp, fabric, or 
carpet by any of a large m.mber of printing rrethods. 'Ihe color or 
other treating material usually in the fonn of a paste, is deposited 
onto the fabric which is then usually treated with steam, heat, or 
chemicals for fixation. Various types of printing are described 
belcw. (Also see Dyeing) • 

1. Methods of Producing Printed Fabrics: 

a. Block Printing - 'Ihe printing of fabric by hand, using carved 
wooden or linoleum blocks, as distinguished from printing by 
screens or rollers. 

b. Blotch Printing - A process wherein the backgrotmd color of a 
design is printed rather than dyed. 
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c. Burn-Out Printing - A rrethcx:l of printing to cbtain a raised design 
on a sheer ground. The design is applied with a special chemical 
onto the fabric woven with different pairs of threads of different 
fibers. One of the fibers is then destroyed locally by chemical 
action. Burn-out printing is often used on velvet. The product 
of this operation is known as a burnt-out print. 

d. Direct Printing - A process wherein the colors for the desired 
designs are applied directly to the white or dyed cloth, as dis
tinguished from discharge printing and resist printing. 

e. Discharge Printing - In "white" discharge printing, the fabric is 
piece dyed, then printed with a paste containing a chemical which 
reduces the dye and hence re.rroves the color where the white designs 
are desired. "Colored" discharge printing is similar except that a 
color is added to the discharge paste in order to replace the dis
charged color with another shade. 

f. Duplex Printing - A method of printing a pattem on the face and 
the back of a fabric with equal clarity. 

g. Etching - See Burn-Out Printing. 

h. Extract Printing - See Discharge Printing. 

i. Heat-Transfer Printin~ - A rrethod of printing fabric of polyester 
or other thenro-plastl.c fibers with disperse dyes. The design is 
transferred fran preprinted paper onto the fabric by contact heat. 
Having no affinity for paper,the dyes are absorbed by the fabric. 
The rrethod is capable of producing well-defined clear prints. 

j . Photographic Printing - A :rrethod of printing fran photoengraved 
rollers. The resultant design looks like a photograph. The 
designs may also be photographed on a silk screen which is used 
in screen printing. 

k. Pigrra;t Printing - Printing by the use of pigments instead of dyes. 
The p1grrents do not penetrate the fiber but are affixed to the 
surface of the fabric by :rreans of synthetic resins which are cured 
after application to make them insoluble. '!he pigments are insoluble, 
and application is in the fonn of water-in-oil or oil-in-water 
emulsions of pigrrent pastes and resins. '!he colors produced are 
bright and generally fast except to crocking. 

l. Resist Printing - A printing rrethcx:l in which the design is prcx:luced: 
(1) by applying a resist agent in the desired design, then dyeing 
the fabric, in which case the design remains white although the 
rest of the fabric is dyed, or (2) by including a resist agent and 
a dye in the paste which is applied for the design, in which case 
the color of the design is not affected by subsequent dyeing of 
the fabric background. 
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m. Roller Printing - '!he application of designs to fabric, using a 
machine containing a series of engraved rretal rollers positioned 
around a large padded cylinder. Print paste is fed to the rollers 
and a doctor blade scrapes the paste fran the unengraved portion 
of the roller. Each roller supplies one color to the finished 
design, and as the fabric passes between the roller and the padded 
cylinder, each color in the design is applied. r.bst machines are 
equipped with eight rollers, but sare have sixteen. 

n. Ro~ Screen Printing - A carbination of roller and screen 
pn.nting in which a perforated cylindrical screen is used to apply 
the color. COlor is forced fran the interior of the screen onto 
cloth. 

o. Screen Printing - A rrethod of printing similar to using a stencil. 
'Ihe areas of the screen through which the coloring matter is not to 
pass are filled with a waterproof material. 'lhe printing paste 
which contains the dye is then forced through the tmtreated portions 
of the screen onto the fabric below. 

p. Warp Printing - 'Ihe printing of a design on the sheet of warp 
yarns before weaving. The filling is either white or a neutral 
color, and a grayed effect is produced in the areas of the design. 

2. Methods of Producing Printed Carpets: 

a. Mi tter Printing Machine - A rotary carpet printing machine with 
up to eight stainless steel rresh screens, and with cylindrical 
squeegees of rrcderately large dianeter in each rotary screen. '!he 
unit has a steaming zone for dye fixation. 

b. Stalwart Printing Machine - A carpet printing machine in whiCh the 
color is applied to the carpet with a neoprene sponge laminated to 
the pattern. The pattem is cut in a rubber base attached to a 
wooden roll. It is very similar to relief printing. Used primarily 
for ovexprinting randan patterns on dyed carpets. Sui table for 
shags and plush carpets as well as level loop and needle tuft types. 

c. Zimrer Flatbed Printing Machine (Peter Zinner) -A carpet printing 
machine which uses flat screens and dual, rretal-roll squeegees. 
'lhe squeegees are operated by electranagnets to control the applied 
pressure. The unit also has a steaner for dye fixation. '!he 
Zimrer flatbed machine is normally used for carpets of low to 
rredium pile heights. Very precise designs are possible but speeds 
are slower than with rotary screen printers. 

d. Zimrer Rotary Printing Machine (Johannes Zi.rrrrer) - A three-step 
rotary carpet printing rrachine consisting of (1) rotary screens 
with small-diarreter steel-roll squeegees inside, with pressure 
adjusted electranagnetically for initial dyestuff application, 
(2) infrared heating tmits to fix the dyes on the tuft tips, and 
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(3) application of low-viscosity print paste, followed by 
steaming for CCITplete penetration of dyes into tufts. 

e. Zimrer Rotary Printing Machine (Peter Zimrer) - A rotacy carpet 
printing machine in which each rotary screen has a slotted 
squeegee inside to feed the print pastes through the screens to 
the carpet. Pressure of the print paste is adjusted by hydro
static head adjust:Irents. 

Print Paste - The mixture of gum or thickener, dye and appropriate chemicals 
used in printing fabrics. Viscosity varies according to the types of 
printing equit;:mant, the type of cloth, the degree of penetration 
desired, etc. 

Quilling - The process of winding filling yarns, for weaving, onto filling 
bcbbins, or quills, in preparation for use in the shuttle. 

Raw Fiber - A textile fiber in its natural state, such as silk "in the gurn" 
and cotton as it cares fran the bale. 

Reed - l\ carb-like device on a locm which spaces the warp yarns and also beats 
-each succeeding filling thread against that already woven. The reed 

usually consists of a top and bottcm rib of wood into which rretal strips 
or wires are set. The space between two adjacent wires is called a dent 
and the warp is drawn through the dents. 'fue fineness of the reed is 
calculated by the mmber of dents per inch. 

Refractory - A te:rrn used in connection with organic CCITpOunds indicating 
that they are non-biodegradable or resistant to biological treat:rrent 
and degradation. 

Reserve Dyeing - See Dyeing, Reserve Dyeing. 

Resin•Treated - Usually, a tenn descriptive of a textile material which has 
recel. ved an external resin application for stiffening or an internal 
fiber treat::nent {especially of cellulosics) to give wrinkle resistance 
or wash-and-wear characteristics. 

Resist oyeing - See Dyeing, Reserve Dyeing. 

Resist Printing - See Printing. 

Retained Sludge - That sludge that is generated by aerated biological 
degradation of textile wastewaters. The rate of sludge generation is 
very slew in certain areas of the textileq indust.J:v (e.g., knit fabric 
dyeing and finishing) and there is no need to dispose of the small arrounts 
of sludge. 'Ibis sludge is accumulated over several years and stored in the 
wastewater treatnent pond. 

Retarder- A chemical which, when added to the dyebath, decreases the rate 
of dyeing but does not affect the final exhaustion. 
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Roller Printing - See Printing. 

~- Fabric in process without weft tension, thus having the appearance of 
a thick rope. 

Rotary Screen Printing - See Printing. 

Roving - 1. In sprm yarn production, an intenrediate state between the sliver 
and the yarn. Roving is a condensed sliver which has been drafted, 
twisted, doubled, and redoubled. The product of the first roving 
operation is saretirres called slubbing. 2. The operation which produced 
roving (see 1) • 

Sanforizing - A mechanical process to preshrink the fabric. 

Scouring - An operation to reiiDVe the sizing and tint used on the warp yarn in 
weaving and, in general, to clean the fabric prior to dyeing. 

Screen Printing - See Printing. 

Selvage or Selvedge - '!he I'liUTCM edge of the woven fabric that rrms parallel 
to the warp. It is made with stronger yarns in a tighter construction 
than the body of the fabric to prevent raveling. A fast selvage encloses 
all or part of the picks, and a selvage is not fast when the filling 
threads are cut at the fabric edge after every pick. 

Shadow Printing - See Printing, Warp Printing. 

Shearing- A dry finishing operation in which the projecting fibers are 
rrechanically cut or tri.nrood fran the face of the fabric. WOOlen and 
worsted fabrics are al.nost always sheared. Shearing is also widely 
errployed on other fabrics, especially on napped and pile fabrics where 
the anount varies according to the desired height of the nap or pile. 
For flat-finished fabrics such as gabardine, a very close shearing is 
given. 

Shuttle - A boat-shaped device, usually made of wood with a rretal tip, that 
carried the filling yarns through the shed in the weaving process. It 
is the :rrost camon weft-insertion device. The shuttle holds a quill, 
or pim, on which the filling yarn is wound. It is equipped with an 
eyelet at one end to oontrol the rate. The filling yarn is fw:nished 
during the weaving operation. 

Singeing - The process of burning off protruding fibers fran yarn or fabric 
by passing it over a flane or a heated copper plate. Singeing gives 
the fabric a snooth surface and is necessary for fabrics which are to 
be printed and for those fabrics where SiroOth finishes are desired. 
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Single Knit Fabrics - A fabric constructed with one needle bed and one set of 
needles, also called plain knit. 

Sizing - 1. A generic tenn for c:x:xrpolmds which are awlied to the warp yarn 
to bind the fiber together and stiffen the yarn to provide abrasion 
resistance during weaving. Starch, gelatin, oil, wax, and man-made 
polymers such as polyvinyl alcohol, polystyrene, polyacrylic acid, and 
polyacetates are employed. 2. The process of applying sizing c:::arpolmds. 
(Also see Slashing). 3. The process of weighing sarrple lengths of 
yarn to detennine the CO'lmt. 

Skein - A continuous strand of yarn or cord in the fo:rm of a collapsed coil. 
It rray be of any specified length and is usually obtained by winding a 
definite mmber of turns on a reel under prescribed conditions. 

Skein Dyeing - See Dyeing. 

Slashing - A process of sizing warp yarns on a slasher. (Also see Sizing, 1) . 

Sliver - A continuous strand of loosely assenbled fibers without twist. '!he 
sliver is delivered by the card, the carber, or the drawing frane. 
The production of sliver is the first step in the textile operation 
that brings staple fiber into a fonn that can be drawn (or reduced 
in bulk) and eventually twisted into a SP\m yarn. 

Slubber - A rnac}?.ine used in textile processes prior to spinning which reduces 
the sliver and inserts the first twist. 

Slubbing- The product of the slubber, it is the intentedi.ate stage between 
sliver and roving. 

Solution-Dyeing - See Dyeing, Mass-Colored. 

Sol vent Dyeing - See Dyeing. 

Space Dyeing - See Dyeing. 

Spin-Drawing - 'ihe reduction of roving during spinning by a roller drafting 
nechanism similar to that used on the roving frame. 

Staple - Natural fibers or cut lengths fran filatrents. The staple length 
of natural fibers varies fran less than 1 inch as with sane cotton 
fibers to several feet for sane hard fibers like linen. Man-made 
staple fibers are cut to a definite length, fran 8 inches down to 
about 1 1/2 inches (occasionally dCMn to 1 inch), so that they can be 
processed on cotton, woolen, or worsted yarn spinning systems. The 
tenn staple (fiber) is used in the textiles industty to distinguish 
natural or cut length man-made fibers fran filarrent. 
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Stock Dyeing - See Dyeing. 

Stripping - 1. A chemical process for rem::>ving color fran dyed cloth by the 
use of various chemicals. Stripping is done when the color is unsatis
factory and the fabric is to be redyed. 2. The physical process of 
rem::>ving fiber that is errbedded in the clothing of a card. 

Suint - The dried perspiration of sheep, deposited in the wool, yielding 
potash. 

Sulfur pyes - See Dyes. 

TAK Dyeing - See Kusters Dyeing Range. 

Tenter Frane - A machine that dries the fabric to a specified width under 
tens~on. The machine consists essentially of a pair of endless chains 
on horizontal tracks. The fabric is held firmly at the edges by pins or 
clips on the two chains, which diverge as they advance through the 
heated chanber, adjusting the fabric to the desired width. 

Thermal Fixation - See Dyeing. 

'Ihread - 1. A slender, strong strand or cord, especially one designed for 
sewing or other needle work. M:>st threads are made by plying and twistinc 
yarns. A wide variety of thread types are in use today, e.g. , spun ~ 
cotton and spun polyester, core-spun cotton with a polyester filarrent 
core, polyester or nylon filanents (often bonded) , and rronofilanent 
threads. 2. A general tenn for yams used in weaving and knitting, 
as in "thread count" and "warp threads" • 

Top - 1. A wool sliver which has been coobed to straighten the fibers and 
rem::>ve short fibers; an intemedi.ate stage in the production of worsted 
yarn. 2. A similar untwisted strand of man-made staple delivered by the 
corrb or made directly fran tc::M. 

Top Dyeing - 1. The process of rovering already dyed fiber with an additional 
dye, not necessarily of the same color or class, to obtain the desired 
shade. 2. The dyeing of top in package fonn. 

TcM - A large strand of continuous man-made fiber filanents without definite 
- twist collected in loose, rope-like fonn, usually held together by 

crinp. 

Tubular Fabric - A fabric woven or knit in a tubular fonn with no seams, 
such as seamless pillc:Mcases, rrost knit undetwear fabrics, and 
seamless hosiery. 
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'fufted ~t - Carpet produced by a tufting machine instead of a locm. 
It J.s an outgrCMth of hand-tufted bedspreads. Today, broadloom tufting 
I't\achines produce over 90 per cent of all dorrestic carpeting. Tufting 
I't\achines are essentially rnu1 tineedle sewing machines which push the 
pile yarns through a primal:y backing fabric and hold them in place to 
fo:rm loops as the needles are withdrawn. 'Ihe loops are then either 
released for loop-pile carpets or cut for cut-pile carpets. The pile 
yarns may be either predyed or mcolored in which case, the greige 
carpet is then piece-dyed or printed. In either case, a latex or other 
binding agent is applied to the backstitch to lock the tufts in place 
and to secure the secondary backing fabric. Formerly, all carpets were 
woven, either by hand or machine. The vastly greater productivity of 
tufting has revolutionized the carpet industry and has made soft floor 
coverings available to the mass market for the first ti.ne. 

Vat Dyes - See Dyes. 

Warping - 'Ihe operation of winding the warp yarn onto a beam in preparation 
for weaving or warp knitting. Also called beaming. · 

Warp-Knit Fabric - A fabric that is knit with the yarns running lengthwise, 
e.g., tricot, milanese, and raschel. 

Warp Printing - See Printing. 

Warp Sizing - See Slashing. 

Washfastness - '!he resistance of a dyed fabric to loss of color or change 
in properties during hate or carrrercial lal.m.dering. 

Wasted Sludge - Excess sludge generated in a textile mill wastewater treat
m:mt system that must be rerroved fran the system and disposed of. 

Weaving - 'Ihe rrethod or process of interlacing two yarns of similar materials 
so that they cross each other at right angles to produce a woven fabric. 
The warp yarns, or ends, rt.m lengthwise in the fabric, and the filling 
threads (weft), or picks, rt.m fran side to side. Weaving may be done 
on a pcMer or hand loan or by several hand rrethods. 

Winding - 'Ihe transfer of a yarn or thread fran one type of package to 
another (e.g., fran cakes to cones). 

~1 - The tennis usually used for the fleece of sheep, but according to the 
-Textile Fiber Products Identification Act, wool is defined for purposes 

of labeling as: "The fiber fran the fleece of the sheep or larch or hair 
of the Angora or Cashrrere goat (and may include the so-called specialty 
fibers fran the hair of the carrel, alpaca, llama, and vicuna) which 
has never been reclai.m:d fran any woven or felted wool product." 
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Wool is used in a variety of blends in which it is carbined with nearly 
all natural or man-made fibers. Wool fibers have scales which tend 
to interlock with each other, binding the fibers together. This pro
cess is called felting. In blends, particularly those with man-made 
fibers, wool is used to irrprove the feel or appearance of finished 
prcx:lucts. Man-made fibers are sare~s blended with wool to enable 
the spinning of very fine or loosely twisted yarns with increased tensile 
strength or to produce ease-of-care properties. Wool can be treated to 
control shrinkage, to provide resistance to damage by rroths, to inpart 
stain resistance, and to set permanent creases in fabrics. 

Woolen System - The fundarrental system of making yarns for woolen fabrics. 
In yarns spun on the woolen system, the fibers are not parallel but are 
crossed in what appears to be a haphazard arrangem:mt. After blending, 
fibers prcx:luced on the woolen system are evenly distributed in carding 
on two, three, or even four cards. Fran here, the split web, called 
roving, goes to the spinning frazre. In addition to wool, man-made fibers, 
cotton, wastes, and noils can be processed on the woolen system. In 
general, the fibers used are shorter and rrore highly crilrped than those 
used on the worsted system and are of the type which can be fulled. 

Worsted System - A system of textile processing for manufacturing spun yarns 
from staple fibers usually over 3 inches in length. The main operations 
are carding, canbing, drafting, and spinning. '!here are three basic 
systems of worsted yarn spinning: tne Bradford (or English system), 
the French (Alsation or Continental system) , and the Arrerican system. 

Woven Fabric - A fabric carposed of two sets of yarns, warp and filling, 
fonred by weaving, which is the interlacing of these sets of yarns to 
form a fabric. There may be two or rrore warps and fillings in a fabric, 
depending on the carplexity of the pattern. 'Ihe manner in which the two 
sets of yarns are interlaced detennines the weave. By using various 
canbinations of the three basic weaves (i.e., plain, twill, and satin), 
it is possible to produce an alrrost unlimited variety of fabrics. other 
effects may be obtained by varying the type of yarns, filarrent or spun, 
fiber types, twist levels, etc. 

Yarn - A generic tenn for a continuous strand of textile fibers, filanents, 
--or material in a form suitable for knitting, weaving, or otherwise 

intertwining to fonn a textile fabric. Yarn occurs in the following 
form;: (1) a nurrber of fibers twisted together (spun yarn), (2) a 
nurrber of filarrents laid together without twist (a zero-twist yarn), 
(3) a nUI'Iber of filam:mts laid together with a degree of twist, (4) a 
single filament with or without twist (a rronofilament), or (5) a narrc:M 
strip of material, sudl as paper, plastic film, or matal foil, with 
or without twist, intended for use in a fabric. 

Yarn Dyeing - See Dyeing. 
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APPENDIX B 

DIREC'IORY OF TREA'IMENl' AND DISPOSAL CONI'RACIORS 

ENCX>UNTERED rn THE TEXTILES INDUSTRY 

category A - WOol Scouring 

Containers - None 
Sludge - None 

categocy B - WJol Fabric Dyeing and Finishing 

Containers - L.R.J. Enterprise 
109 Dwayne Drive 
Dublin, Georgia 

Sludges - None 

Category D- Woven Fabric Dyeing and Finishing 

Containers - Hennan Gamer 
Lexington, North Carolina 

Trurren Dogget 
Summerfield, N.C. 

Murden Sanitation Service 
Orangeb\lrg, s. C. 

Kenyon Bros. 
Kenyon, R. I. 

Benjamin Luchka 
Vb:x1 River Junction, R.I. 

City of Lancaster 
Lancaster, S.C. 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

Spartan Waste Control, Inc. General Purpose Landfill 
Greenville, S.C. 

Opelika Scrap Material General Purpose Landfill 
Opelika, Alabama 

Container & Disposal Co. General Purpose Landfill 
Asheville, N.C. 

Sanitary Container Service General Purpose Landfill 
Greensboro, N.c. 
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Category D (continued) 

Containers -
(cont.) 

Sludges -

Puritan Industrial 
Maintenance 

Spartansburg I s. c. 

Buzhardt Trash Service 
Greenwocx:l 1 S.C. 

Waynesboro Nursery 
Waynesboro 1 Va. 

Steve Cash 
Waynesboro 1 Va. 

category E - Knit Fabric Dyeing and Finishing 

Containers - Chattanooga Disposal Co. 
Chattanooga, Tenn. 

Murden Sanitation 
Pine Hill Commmity 
Orangeburg, S.C. 

Sperry Truck Co 0 

Glens Falls , N.Y. 

Greenwood Disposal Co. 
Lc::Mell, Mass • 

B & E Garbage Service 
Mullins, S.C. 

John T. Rice & Sons 
Clinton, S.C. 

Otis Wells 
Newberry, S.C. 

City of Fanmville 
Fannville, N.C. 

Container Service & 

Disposal eo. 
Asheville, N.c. 

City of Longview + Plant 
Longview, N.C. . 
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General Purpose Landfi~l 

General Purpose Landfill 

General Purpose Landfill 

Farm Spreading 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose L=ndfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 



category E (continuedl 

Containers -
(cont.) 

Sludges -

Sanitation Services, Inc. 
Lurrberton, N.C. 

Jolmson Waste 
Spartanburg, s. c. 

Binzac Waste Rerroval 
Greenville, S.C. 

Garbage Disposal Service 
of Rutherford Cotmty 

Forest City, N.C. 

Grand Central Sanitation 
Pen Argyl, Pa. 

Pollution Abatenent 
Services 

Oswego, N.Y. 

G.R.O.W.S. Subs. of 
Warner's Landfill 

M:>rrsi ville, Pa. 

cat:egory F - Cal:pet Dyeing and Finishing 

Containers - 'Ihrifty Best Rubbish 
Fresno, Calif. 

Subw::ban Waste & 
Garbage Co. 

Rockingham, N.C. 

Brc:M.ning and Ferris' 
Cllattanooga Waste 
Disposal Service 

Chattanooga, Tenn. 

LaGrange Disposal Co. 
LaGrange, Georgia 

Sinon & Sons 
LaGrange, Georgia 

Sanitation Service System 
Atnore, Alabama 

Foothill Disposal 
M:>tmtain View, Calif. 
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General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

Sol vent Recovery 

State Approved Landfill 
with leachate controls 

General Purpose Landfill 

General Purpose Landfill 

General PurpoSe Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 

General Purpose Landfill 



Category F - continued 

Sludges - None 

Catego:ry G- Yam and Stock Dyeing and Finishing 

Containers - 'l'd:>acco Valley Sanitation 
Windsor, Conn. 

General Purpose Landfill 

Sludges - None 

Waste Basket, Inc. General Purpose Landfill 
Marion, N.C. 

Elliott Container Service General Purpose Landfill 
Augusta, Georgia 

City of Greenville General Purpose Landfill 
Greenville, S.C. 

LaGrange Disposal Co. General Purpose Landfill 
LaGrange, Georgia 

Waste Handling System, Inc. General Purpose Landfill 
Forest City, N.C. 

Wilkes Cotmty Sanitation General Purpose Landfill 
Departrrent 

Wilkes County, Georgia 

Hall-ing Refuse Co. · General Purpose Landfill 
Albany, Georgia 
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APPENDIX C 

SAMPLING TEOJNIQUES AND ANALYTICAL METOODS 

sample Collection 

Sludge samples from textile mill wastewater treatment facilities 
were collected fran the clarifier underflow returning to the aeration tx>nd. 
Four-hour composite sanples for both heavy rretal and chlorinated organic 
analyses were taken. These consisted of four, one-hour samples, thoroughly 
mixed. Sanpling was repeated once a week for four consecutive weeks. 

Samples that were analyzed for heavy rretals were put in poly
ethylene bottles and acidified with nitric acid to a pH of 2.0. Sanples 
that were analyzed for chlorinated organics were specially handled in 
sterilized glass containers to make certain no contamination occurred. 

~lete characterization of the textile sludge was canplicated 
by the nature of the sludge as well as tilre and noney constraints. There
fore, a relatively sinple analytical rrethod was chosen and used. The 
sludges were detennined to have a solids content of 2 per cent or less 
and thus, the atani.c absorption rrethod for detennining total trace rretals, 
as outlined in detail below. 

Procedure for Determination of Total Trace Metals 

A one-pint sample of the textile sludge was acidified at the tiJre 
of collection with 50 per cent nitric acid to a pH of 2. At the laboratory, 
a 100 m1 tx>rtion of the well mixed sarrple was transferred to a Griffin 
beaker arid 5 m1 of concentrated redistilled nitric acid was added. The 
beaker was then placed on a hot plate and the sample evatxJrated to dryness. 
This procedure must be done cautiously to avoid boiling. '!he beaker was 
then allowed to cool and another 3 m1 of concentrated redistilled nitric 
acid was added. The beaker was covered with a watch glass and retumed to 
the hot plate. The temperature of the hot plate must be increased so that 
a gentle reflux action occurs. '!he cycle of heating and adding addi tiona! 
acid was continued as necessary until the digestion process was carplete 
(generally indicated by a light colored residue). Distilled 50 per cent 
hydrochloric acid was then added and the beaker wanted again to dissolve 
the residue. '!he beaker walls and watch glass was then washed daNn with 
distilled water, and the sarrple filtered to renove silicates and other 
insoluble material that could clog the atanizer. The sample volUire was 
then adjusted to 100 m1 with distilled water. 

'!he ooncentrations of the rretals except rrercury and arsenic 
were rreasured using air/acetylene and nitrous oxide/acetylene fl~s. 
The sarrples were aspirated directly into the flane and the abso:rbe.nce 
recorded. 
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For mercury and arsenic other analytical nethods must be used 
and these are detailed below. 

~(Mercury) 

A 50 rnl :portion of the digested sarrple was transferred into a 
ro1.ll1d bottan flask, and diluted to 100 ml with distilled water. 'Ihe 
concentration of m:!rcury in the sarrple was then neasured by the flaJreless 
atanic absorption method. 

As (Arsenic) 

A 25 m1 portion of the digested sample was transferred into an 
arsine generating flask. 'Ihe concentration of arsenic was then detennined 
either by the silver diethyldithiocarl>amate rrethod or by atanic absorption. 

Determination of Arsenic by the Silver Diethyldithiocarbanate Method 

Apparatus:, 

Reagents: 

Procedure 

1. Arsine generator 
2. Spectropho"tclmter 

1. Concentrated hydrochloric acid 
2. 15 per cent potassium icxlide solution . 
3. 20 per cent stannous chloride solution in concentrated 

hydrochloric acid 
4. 5 per cent silver diethyldithiocarbanate solution in 

pyridine (furres, use and discard in hood) 
5 • Free zinc, 20-30 rresh 
6. Stock solution, 1 rrg/ml 
7. 10 per cent lead acetate solution 

'Ihe sample and 30-40 ml of water was placed in a clean generator 
bottle, with the follao~ing reagents added ste{:Mise: 5 ml of concentrated 
hydrochloric acid; 2 ml of 15 per cent potassium iodide solution; and. 8 
drops of 20 per cent stannous chloride solution. This was allowed to mix 
for 15-20 minutes, while the scrubber and abs01:ber were prepared and 
assenbled. 

'lhe glass wool in the scrubber was ircpregnated with lead acetate 
solution, and then 4 ml of the silver diethyldithiocarbanate solution was 
placed in the absorber tube. One to two grams of zinc were put into a 
generator tube attached to the generator bottle containing the mixture of 
sample with reagents. 'Ihe scrtlbber and absorl>er asse.rrbly was then connected. 
'Ihirty minutes were allowed for the reaction to go to canpletion. '!he 
absorption at 535 nananeter was recorded and the concentration of arseiu.c 
detennined. 
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Trace Metals in the Sus Solids of Textile Slud es 
Suspended or Insoluble Trace Metals 

Trace am:>l.mts of suspended (insoluble) rretals in the textile 
sludge may be detenni.ned fran the non-acidified sanples which were also 
tested for organics. A representative volurre of the non-acidified sarrple 
was centrifuged. Centrifugation was necessary because these sarrples 
cause blockage to a 0. 45 micron rrerrbrane filter. The supernatant liquid 
was removed and the semi-solid settled materials were dewatered under · 
suction and finally air dried in an open dish. 

A knCMn weight of the solid (from 0. 5 to 2 g) was placed in a 
Griffin beaker (250 ml), with 5 ml of concentrated nitric acid. The beaker 
was covered with a watch glass and heated gently. 'Ihe terrperature of the 
hot plate was increased to digest the material. When the acid had evaporated, 
the beaker and the watch glass were allowed to cool. Another 5 ml of · 
concentrated nitric acid was then added to the beaker and covered and again 
heated until digestion was carplete. Five m1 of distilled 50 per cent 
hydrochloric acid was then added to the dl:y residue and the beaker was 
wanred gently to dissolve the material. 'Ihe watch glass and beaker walls 
were rinsed with distilled water to dissolve the ma.terial. 'lhe sanple was 
then filtered to rem::>ve the insoluble ma.terial such as silicates and 
phosphates. 'Ihe sa:rrple volurre was adjusted and ·ready for analysis. Con
centrations determined :in this way were reported as ppm in suspended 
solids. · 

Detennination of Solid Contents of Textile Sludges 

Fifty ml volurres of the unpreserved sarrples were transferred to 
weighed evaporating dishes. The water was evaporated on a steam bath. 
After carplete evaporation, the residues were put in an oven ma.intained 
at 100-105° C and dried to a constant weight. 

Detennination of Suspended Solids of Textile Sludges 

Suspended solids in the textile sludge was detenn:U1ed by filtration 
of a kncMn volurre of sludge through weighed glass fiber disks. The solids 
retained by the disks were dried at 100-103° c to constant weights. 

' 
A glass fiber disk was placed in a rrenbrane funnel and washed 

with distilled water under a vacuum. The filter disk was dried in an 
oven 100-105 ° C for 30 minutes and allowed to cool. 'Ihe disk was weighed 
and placed in the funnel. A selected volurre of sludge was then filtered 
under suction and washed with distilled water. 'lhe filter disk was then 
renoved and dried at 100-105° c for one hour. After allowing it to cool 
to roan tenperature, the filter and solids were weighed on an analytical 
balance. ' 
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Procedure for Determination of Chlorinated Organics 

The samples for organic analysis were carefully handled to avoid 
contamination, placed in sterile containers and returned to the laboratory, 
where the samples were blended and the pH adjusted to 6.5 - 7.5 with 50 per 
cent sulfuric acid. An aliquot of the sample was transferred into a two
liter separatory fmmel and diluted to one liter. Sixty (60) ml of 15 per 
cent methylene chlorine in hexane was then added to the sample and the 
mixture was shaken vigorously for bNo minutes. The mixed solvent was 
allCMed to separate from the sample and the water drawn into a one-liter 
Erlenmeyer flask. The organic layer was then passed through a column 
containing 3 to 4 inches of anhydrous sodium sulfate and collected in a 
flask. The water phase was returned to the separatory funnel and a second 
and third extraction were carried out in the sarre way. The extract was 
then concentrated on a hot water bath. 

The sample was then ready to be injected into the gas Chromatograph 
unless a need for additional sample cleanup was indicated. 

Interferences in the form of distinct peaks or high background 
in the initial gas chromatographic analysis, as well as the physical 
characteristics of the extract (color, cloudiness, viscosity) and background 
knCMledge of the sample help indicate whether cleanup was required. 

When interferences are indicated, the follCMing procedures were 
taken: 

Acetonitrile partition was used to isolate fats and oils from the 
sample extracts. The previously concentrated extract was transferred to 
a separatory fmmel with enough hexane to bring the final voltiire to 15 ml. 
The sample was then extracted four t.i.nes with 30 ml portions of hexane -
saturated acetonitrile. The acetonitrile phases were carbined with 650 m1 
of distilled water and 40 ml of saturated sodium chloride solution. This 
was mixed thoroughly and then extracted with two 100 m1 portions of hexane. 
The hexane extracts were canbined in a one-liter separatory ftmnel and 
washed with two 100 m1 portions of distilled water. The water layer was 
discarded and the hexane layer was poured through a 3-4 inch column of 
anhydrous sodium sulfate. The separato:ry funnel and column were then 
washed with three 10 rnl portions of hexane. The extracts were concentrated 
on a hot water bath and were then ready for analysis. 

Florisil Coltm1 Adsorption Chranatography was used if further 
cleanup was needed. '!he sarnple extract vol"~.me was adjusted to 10 ml and 
activated Florisil was placed in a Chrana.flex coltm1. After the Florisil 
was settled, a one-half inch layer of anhydrous granular sodium sulfate 
was added to the top. 'Ihe column was pre-eluted with 50-60 ml of petroleum 
ether and then the sample extract was transferred into the column by de
cantation and subsequent petroleum ether washings. 'Ihe elution rate 
was adjusted to about 5 ml per minute and four eluates were collected in 
separate flasks. The first elution was done with 200 ml of 6 per cent 
ethyl ether in petroleurn ether; the second with 200 rnl of 15 per cent 
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ethyl ether in petrole'llm ether; the third with 200 ml of 50 per cent ethyl 
ether-petrole'llm ether; and the fourth with 200 ml of 100 per cent ethyl 
ether. The eluates were then concentrated on a hot water bath and were 
ready for gas chromatographic analysis. 

The concentration of the organics was detennined using the 
absolute calibration method: 

micrograms/liter = (A~ (B) (Vt) 
(VJ.) (Vs) 

A= micrograms of standard per standard peak area 
B = sarrple aliquot peak area 
Vi = vol'l..ll're of extract injected (microliters) 
Vt = vol'l..ll're of total extract (microliters) 
Vs = vol'l..ll're of water extracted (milliliters) 

Detailed Sampling Results 

'Ihe detailed analytical results of the sanpling are tabulated on 
the folla.ving pages. 
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REPORT OF TRACE METALS 

PROJECT NOo 469 

PLANT WOOL SCOURING PLANT A-2 

LCX:ATION -------------------- (Unit= PPM) 

Sample No. 1 2 3 4 5 6 

Aluminum 543.1 388.6 545.4 430 489 4 860 
~*Arsenic < 0.01 <0.01 <0.01 <0.01 <0.01 <0.1 

Barium 5.4 3.4 3.5 11.5 5.95 59 
*Cadmium 0.12 0.10 0.12 0~ 14 0_.12 1.2 
*Chromium 1.8 1.16 1.56 3.2 1.93 19 ~~ 
*Cobalt 0.52 0.30 0.37 0.50 0.4J _4.2 
*Copper 1.85 1.4 1.66 2.3 1.80 lL 

Iron (total) 641 3._52 496 450 485 4.s2o 
*lead 3.86 2.48 2.75 2~3_5_ 2~86 28 

Magnesium 720 429 617 475 560 5_1560 ' 
Manganese 26.0 17.3 22.1 17.5 20.7 20S ---., 

*Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.01 
Molybdenum <0.2 <0.2 <0.2 <0.2 <0.2 <2 
Nickel 1.6 0.94 1.23 1.28 1.26 12.5 
Potassium 1,469 1 034 1.303 1 200 1.252 12.400 

' - - - - -Sodium 75.0 65.0 71.0 60.0 68.0 675 
Strontium 3.08 1.92 2.42 

.. 
1.3 ..1.J.L 21.6 

*Zinc 13.04 10.7 9.13 10.0 10.7 106 I 

TSS 97,870 ~ TS 100,700 

Note: 5-Average ppm liquid and .~~o_!id_s~------------
6-Average ppm total._$ol ids (mg/g 
ISS - total suseencied sol ids 
TS - tctal sol ids 
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Analysis for Chlorinated Hydrocarbons 

PROJECT NO. _ __:4..::.69~----

PLANT and LOCATION: WOOL SCOURING PlANT A-2 

DESCRIPTION OF SAMPLE: Clarifier Underflow ----------------------------------

L" "d Ph 1qu1 ase s d d Ph uspen e ase 
No. of No. of 

SAMPLE NOo Compounds ppm Compounds ppm 

1 18 0.0062 23 0.866 

2 12 0.0256 5 0.273 

3 17 0.0069 14 3.13 

4 12 0.0078 7 0.83 

AVERAGE 15 0.0116 12 1.27 

REMARKS: 
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REPORT OF TRACE METALS 

PROJECT NO. 469 

PLANT WOOL FABRIC D &• F PLANT B-7 

LOCATION --------------------- (Unit = PPM) 

Sample No. 1 2 3 4 5 6 

Aluminum 23.0 0.5 1.0 3.23 69 11.500 
~*Arsenic <0.01 <0.01 <0.01 <0.01 <0.01 <17 

Barium <0.1 <0.1 <0 .. 1 <0 .. 1 <0.1 <170 
'*Cadmium <0.01 <0.01 <0.01 <D.Dl <Jl.QJ <_l'Z 
*Chromium 0.01 0 14 0.17 0.30 0 .. 16 267 
*Cobalt <0.04 <~.04 <0__.04 <0 04 <0 04 <67 
*Copper 0.11 0.07 <0.05 <0.05 <0 07 < 117 

Iron (total) 21.9 1 11 1 05 2.36 6.6 11.000 
*Lead <0.1 <0.1 <0.1 <0.1 <0.1 <170 

Magnesium 12.9 2.05 10.0 3.68 7.2 12.000 
Manganese 12.9 0.24 0.28 5.88 4.8 8 000 . 

*Mercury <0.001 <0.001 < 0.001 <0.001 <0.001 < 1.7 
Molybdenum <0.2 <0.2 <0.2 <0.2 <0.2 <333 
Nickel 0.02 <0.02 <0.02 <0.02 <0.02 <33 
Potassium 21.4 2.63 4.4 5.0 8.4 14,000 - - - -
Sodium 48.8 81.7 75.0 124.0 82 137,00C 
Strontium 0.09 <0.03 0.32 <0.03 <0.1 <170 

-~;Zinc 0.63 0.68 0.90 0.51 0.68 1,130 
TSS 82 
TS 600 

Note: 5-Avera e m fi uid and sol ids 
6-Average ppm total sol ids (mg g 
TSS -total suspended sol ids 
TS -total sol ids 
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Analysis for Chlorinated Hydrocarbons 

PROJECT N 0. 469 ----------------
PlANT and LOCATION: WOOL FABRIC D & F PLANT B-7 

DESCRIPTION OF SAMPLE:----------------

L. "d Ph lQUl ase s d d Ph uspen e ase 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds 

1 12 0.1142 

2 11 0.055 

3 11 0.048 

4 9 0.220 

AVERAGE 11 0.1093 

REMARKS: 

There were insufficient suspended solids to measure quantity 
in solid phase. 
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REPORT OF TRACE METALS 

PROJECT NO. 469 ----

PLANT WOVEN FABRIC D & F PLANT D-8 

LOCATION (Unit = PPM) --------------------
Sample No. 1 2 3 4 5 6 

Aluminum 10.3 12.25 14.9 14.5 13.0 1 .600 
*Arsenic <0.01 <0.01 <0.01 <0.01 <0.01 <1 

Barium <0.1 <0.1 0.17 0.11 <0.12 <15 
~cadmium 0.01 0.04 0.02 0.04 0.03 3.7 
*Chromium 0.72 0.60 0.80 0.76 0.72 89 
*Cobalt <0.05 <0.05 <0.05 <0.05 <0.05 <6 
*Copper 1.91 2.17 2.38 2.10 2.14 264 

Iron _(total) 3.87 6.66 11.25 7.93 7.43 917 
*Lead 0.13 <0.1 0.13 0.28 <0.16 <20 
Magnesium 42.10 30.5 26.9 19.0 29.6 3.650 
Manganese 1.26 1.16 1.15 1.26 1.20 148 

*Mercury <0.001 0.002 0.001 <0.001 <0.001 <0.1 
Molybdenum <0.2 <0.2 <0.2 <0.2 <0.2 <25 
Nickel 0.12 0.14 0.21 0.08 0.14 17 
Potassium 40.63 40.52 40.30 56.00 44.40 5,480 

- - - -
Sodium 424.6 395.0 338.8 625.0 446 55,000 
Strontium 0.22 0.10 0.20 0.17 0.17 21 

*Zinc 14.50 19.20 18.75 15.0 16.9 2 090 
TSS 5,530 
TS 8,100 

Note: 5-Avera e m li uid and sol ids 
6-Averoge ppm total sol ids mg g 
TSS - total suspended sol ids 
TS - tot a I sol ids 

. C-10 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 --------
PLANT and LOCATION: WOVEN FABRIC D & F PLANT D-8 

DESCRIPTrON OF SAMPLE: ---------------------------------

l' iQuid Phase Suspended Phase 
No. of No. of 

SAMPLE NO. Compounds .RPm Compounds ppm 

1 8 0.400 18 47.7 

2 6 0.369 12 56.0 

3 9 0.715 9 17.8 

4 7 0.520 10 33.5 

AVERAGE 7.5 0.501 12.3 38.8 

REf'.MRKS: 
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REPORT OF TRACE METALS 

PROJECT NOo 469 ----

PLANT WOVEN FABRIC D &. F PLANT D-17 

LOCATION ---------------------
Sample No. 1 2 

Aluminum 191.25 375.0 
'*Arsenic <0.01 0.04 

Barium 2.10 0.92 
I* Cadmium 0.22 0.24 
*Chromium 84.13 58.4 
*Cobalt 0.16 <0.05 
*Copper 4.36 4.62 

Iron (total) 312.5 195.5 
*Lead 0.43 1.28 

Magnesium so.o 39.0 
Manganese 7.36 6.40 

*Mercury 0.003 0.006 
Molybdenum <0.2 <0.2 
Nickel 1.75. 1.92 
Potassium 44.42 47.0 

- -
Sodium 383.5 567.5 
Strontium <0.03 0.03 

*Zinc 141.81 158.0 
TSS 13,430 
TS 20,430 

Note: 5-Average ppm liquid and solids 
6-Average ppm total sol ids (mo/ 
TSS - total suspended sol ids 
TS - toto I sol ids 

3 

333.3 
<0.01 
2.20 
0.19 
95.4 
0.07 
4.63 
393.7 
1.80 
22.4 
6.29 
0.002 
<0.2 
1.91 
37.3 

-
581.3 
0.03 
179.2 
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4 

150.0 
<0.01 
1.70 
0.23 
86.0 
0.08 
2.10 
207.0 
1.43 
25.0 
5.85 
0.003 
<0.2 
1.60 
50.4 

-
875.0 
0.10 
159.0 

(Unit = PPM) 

5 6 

262 12 800 
<0.02 <0.98 
1.73 85 
0.22 10.8 
81.0 3,969 
<0.09 <4.4 
~.93 192.6 
277 13 600 
1.24 61 
34.0 1,660 
6.5 318 
0.004 0.196 
<0.2 <9.8 
1.8 88.2 
45.0 2,205 

602 29,500 
<0.05 <2.45 
159.0 7_,791 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: WOVEN FABRIC D & F PLANT D-17 

DESCRIPTION OF SAMPLE: ----------------------------------

L. 'd Ph 1QU1 ase s d d Ph uspen e ase 
No. of No. of 

SAMPLE NO. Com2_ounds ppm Com~ounds ppm 

1 7 0.0630 20 29.0 

2 9 0.0800 17 13.0 

-
3 7 0.0554 23 12.8 

4 5 0.1070 17 55.9 

AVERAGE 7 0.0764 19 27.7 

REJv\ARKS: 
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REPORT OF TRACE METALS 

PROJECT NO. 469 

·PLANT WOVEN FABRIC D & F PLANT D-18 

LOCATION -------------------- (Unit = PPM) 

Sample No. 1 2 3 4 5 6 

Aluminum 26.6 44.0 55.7 43.3 42.4 4.460 
fA-Arsenic <0.01 <0.01 <0.01 <0.01 <0.01 <1 

Barium 0.40 0.46 0.68 0.44 0.50 53 
*Cadmium 0.04 0.02 0.03 0.04 0.033 3.5 
*Chromium 6.90 14.00 10.75 9.00 10.20 1_L070 
*Cobalt 0.72 1.';2 . 0.96 1.17 1.04 109 
*Copper 10.1 15.0 8.5 8.75 10.6. 1,120 

Iron (total) 26.6 65.9 51.6 45.7 47.0 ~950 
*Lead 0.28 <0.1 0.13 0.1 <0.15 <16 

Magnesium 13.1 12.45 12.9 12.6 12.76 1L340 
Manganese 0.34 0.44 0.38 0.62 0.45 47 

*Mercury 0.003 0.011 0.001 0.002 0.006 0.6 
Molybdenum <0.2 <0.2 <0.2 <0.2 <0.2 < 21 
Nickel 0.13 0.35 0.47 0.30 __D_._3l _33_ 
Potassium 10.7 14.9 J1.4 16.8 13.50 1.420 

- - - -
Sodium 477.0 580.2 Z00.9 437.0 549 57.800 
Strontium <0.03 <0.03 <0.03 < 0.03_ <Q.0_3 <3 

*Zinc 13.40 8.32 6.67 6.50 .822 918 
TSS 8.100 
TS 9,500 

Note: 5-Avera e m li uid and solids 
6-Average ppm total solids (mg g 
TSS -total suspended sol ids 
TS - toto I sol ids 
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Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: WOVEN FABRIC D & F PLANT D-18 

DESCRIPTION OF SAMPLE:----------------

L' 'd Ph lQUl ase s d d Ph usp_en e ase 
No. of : No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 9 0.1551 16 13.86 

2 17 0.100 19 19.56 

3 10 0.1778 12 14.00 

4! 12 0.1453 12 15.50 

AVERAGE 12 0.1445 15 15.70 

REMARKS: 
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REPORT OF TRACE METALS 

PROJECT NOo 469 ----

PLANT WOVEN FABRIC D & F PLANT D-9 

LOCATION ----------

Sample No. 1 2 3 

Aluminum 28.8 21.0 15.9 
~*Arsenic <0.01 <0.01 <0.01 

Barium 0.40 <0.10 0.17 
*Cadmium <0.01 <0.01 <0.01 
*Chromium 3.78 3.60 2.49 
*Cobalt <0.05 <0.05 <0.05 
*Copper 6.65 5.15 4.35 

Iron (total) 28.4 26.6 18.75 
*Lead <0.1 <0.1 <0.1 
Magnesium 57.8 48.0 29.6 
Manganese 0.20 0.58 0.49 

*Mercury 0.002 0.009 0.002 
Molybdenum <0.2 <0.2 <0.2 
Nickel <0.0_5 0.07 0.13 
Potassium 46.1 41.5 36.5 

- - -
Sodium 654.0 580.2 661.0 
Strontium 0.03 0.03 0.03 

*Zinc 0.21 5.55 1.17 
TSS 4,200 
TS 7,230 

Note: 5-Avera e m li uid and solids' 
6-Averoge ppm total sol ids (mg g 
TSS - total suspended sol ids 
TS - total sol ids 
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19.0 
<0.01 
0 22 
<0.01 
3.46 
<0.05 
6.43 
23.30 
0.2 
30.4 
1.14 
0.002 
<0.2 
0.13 
59.6 

-
844.0 
0.10 
2.25 

(Unit = PPM) 

5 6 

21.2 2,930 
<0.01 <1.4 
<0.22 <30 
<0.01 < 1.4 
3.33 460 
<0.05 <6?_ 
5.64 _806 
24.3 3.360 
<0.12 <16 
41.4 5.730 
0.60 83 
0.005 0.7 
<0.2 <28 
<0.09 <12 
45.9 6.350 

685 94 700 
0.05 6.9 
2.30 318 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

. PLANT and LOCATION: WOVEN FABRIC D & F PLANT D-:9 

DESCR I PT rON OF SAMPLE: ---------------------------------

L. . 1qu1d Phase h Suspended P ase 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 8 0.4472 21 0.336 

2 4 0.1140 12 0.34 

3 8 0.1440 11 2.38 

4 5 0.230 13 2.25 

AVERAGE 6 0.2340 14 1.33 

REMARKS: 
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REPORT OF TRACE METALS 

PROJECT NOo 469 ----

PLANT WOVEN FABRIC D & F PLANT D-15 

LOCATION----------

Sample No. 1 2 3 

Aluminum 15.4 28.75 28.80 
fA-Arsenic <0.01 <0.01 <0.01 

Barium <0.1 0.15 0.42 
*Cadmium 0.03 0.06 0.04 
*Chromium 5.49 10.5 6.16 
*Cobalt <0.05 <0.05 <0.05 
*Copper 13.99 26.25 21.5 

Iron (total) 15.16 48.1 ·31.6 
*Lead 0.99 1.0 1.16 
Magnesium 28.5 40.5 27.6 
Manganese 0.62 0.86 0.77 

*Mercury 0.003 0.006 0.002 
Molybdenum <0.2 <0.2 <0.2 
Nickel 0.13 0.32 0.26 
Potassium 34.0 51.2 43.4 

- - -
Sodium 330.7 333.3 308.9 
Strontium 0.83 0.82 0.68 

*Zinc 7.98 17.6 10.10 
TSS 12,780 
TS 17.650 

Note: 5-Avera e m ti uid and sol ids 
6-Average ppm total sol ids (mg g 
TSS -total suspended sol ids 
TS - total sol ids 

C-18 
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27.50 
<0.01 
0.16 
0.06 
5.4 
<0.05 
18.6 
26.8 
1.60 
24.0 
0.74 
<0.001 
<0.2 
0.18 
45.0 
-

400.0 
1.00 
15 .• 00 

(Unit = PPM) 

5 6 

25.1 1,420 
<0.01 <0.6 
<0.21 <12 

' 0.048 2.7 
6.9 390 
<0.05 <2.8 
20 1,130 
30.4 1.720 
1.2 68. 
30.2 1,710 
0.75 42 
<0.003 <0.17 
<0~2 < 11 
0.22 12 
43.4 2.460 

343 19.400 
0.83 47 
12.7 720 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: WOVEN FABRIC D & F .PLANT D-15 

DESCRIPTION OF SAMPLE: ---------------------------------

Liquid Phase Suspended Phase · 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 9 0.0015 16 1.8 

2 5 0.0014 7 2.4 

3 12 ; 0.0014 16 8.3 

4 10 0.0014 ' 13 4.5 

AVERA'GE 8 0.0014 '13 4.3: 

REMARKS: 

.C-19 



REPORT OF TRACE METALS 

PROJECT NOo 469 ----

PLANT -~NIT FABRIC D & F PLANT E-3 

LOCATION ----------------------
Sample No. 1 2 3 

Aluminum 12.5 22.5 15.9 
*Arsenic <0.01 0.04 <0.01 

Barium <0.1 <0.1 <0.1 
*Cadmium <0.01 <0.01 <0.01 
*Chromium 1.49 0.28 0.26 
*Cobalt <0.05 <0.05 . <0.05 
*Copper 4.66 0.07 0.1 

Iron (total) 15.83 25.1 17.5 
*Lead <0.1 <_Q._] <0.1 
Magnesium 34.9 7.25 3.67 
Manganese 0.52 0.06 0.06 

*Mercury 0.002 0.003 0.001 
Molybdenum <0.2 <0.2 <0.2 
Nickel 0.06 <0.05 <0.05 
Potassium 28.5 11.57 36.5 

- - -
Sodium 537.5 46.2 53.1 
Strontium 0.06 0.03 0.03 

*Zinc 1.59 0.33 0.35 
TSS 11,120 
TS 13,500 

Note: 5-Avera e m li uid and solids 
6-Average ppm total sol ids (mg g 
TSS -total suspended sol ids 
TS - total sol ids 

C-20 
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36.0 
<0.01 
0.55 
<0.01 
0.42 
<O.Q5 
0.13 
32.8 
<0.1 
6.3 
0.05 
0.002 
<0.2 
<0.05 
8.8 

-
55.0 
0.07 
4.24 

(Unit = PPM) 

5 6 

22.0 1,630 
<0.02 < 1.5 
<0.2 <15 
<0.01 <0.7 
0.62 46 
<0~05 <_3.7 
1.2 89 
23.0 1_L700 
<0 .. 1 <7 
13.0 963 
0.17 12.6 
0.002 0.15 
<0.2 <15 
<0.05 <3.7 
21.0 1-'!560 

173 12J'800 
0.05 32. 
1.43_ ]_2_Q_ 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: I(NIT FABRIC D & F PLANT E-3 

DESCRIPTION OF SAMPLE: ----------------------------------

L. 'd Ph lqUl ase s uspen e a d d Ph se 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 7 0.059 19 0.55 

2 5 0.040 9 0.27 

3 9 0.0274 8 4.40 

4 8 0.0356 17 3.45 

AVERAGE 7 0.0405 13 2.20 

REMARKS: 

C-21 



REPORT OF TRACE METALS 

PROJECT NO. 469 

PLANT KNIT FABRIC D & F PLANT E-16 

LOCATION 
------------------------ (Unit= PPM) 

Sample No. 1 2 3 4 5 6 

Aluminum 4.60 2.25 10.40 4.00 5.3 6_L_625 
*Arsenic <0.01 <0 01 <0.01 <0.01 <0.01 <12 

Barium <0.1 <0 1 <0.1 <0.1 <0.1 < 125 
~'*Cadmium <0.01 <0.01 <0.01 <0.01 <0.01 < 12 
*Chromium 0.02 0.01 0.04 <0.01 <0.02 <25 
*Cobalt <0.05 <0.05 <0.05 <0.05 <0.05 <62 
*Copper 011 0.20 0.03 0.03 0.09 112 

Iron (total) 4.82 51}3 12 19 4.40 6.61 8 260 I 

*Lead <0.1 <0.1 <0 1 <0.1 <0.1 < 125 
Magnesium 1.81 1.15 1.40 0.86 1.30 1.625 
Manganese 0.17 0.06 0.11 0.05 0.09 112 

*Mercury <0.001 0.002 0.001 <0.001. <0.001' < 1.9 
Molybdenum <0.2 <0.2 <0.2 <0.2 <0 2 <250 
Nickel <0.05 <0.05 <0.05 <0.05 <0.05 <62 
Potassium 2.40 2.63 3.10 4.80 3.23 4.040 

- - - -
Sodium 59.0 79.1 83.0 59.0 70.0 87.500 
Strontium <0.03 <0.03 <0.03 <0.03 <0.03 <38 

'"Zinc 2.81 0.49 0.47 0.26 1.00 1,250 
TSS 221 
TS 800 

Note: 5-Averc e m li uid and sol ids 
6-Average ppm total sol ids (mg g 
TSS - total suspended sol ids 
TS - total sol ids 

C-22 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: KNIT FABRIC D & F PLANT E-16. 

DESCRIPHON OF SAMPLE:----------------

h Llqu1d P ase s d d Ph uspen e ase 

No. of No. of 
SAMPLE NO. Compounds ppm Compounds ppm 

1 9 0.624 19 90.4 

2 ·5 0.132 10 83.3 

3 7 0.345 27 423.5 

4 8 0.433 15 126.5 

AVERAGE 7 0.384 18 180.9 

REMARKS: 

C-23 



REPORT OF TRACE METALS 

PROJECT NOo 469 ----

PLANT KNIT FABRIC D & F'PLANT E-14 

LOCATION ------------------- (Unit = PPM) 

Sample No. 1 2 3 4 5 6 

Aluminum 13.5 12.5 23.0 11.75 15.2 1,293 
~*Arsenic <0.01 <0.01 <0.01 <0.01 <0.01 <0.85 

Barium <0.10 0.15 0.51 0.11 0.22 18.7 
*Cadmium <0.01 0.01 <0.01 0.01 <0.01 <0.85 
*Chromium 0.78 0.64 0.61 0.32 0.59 50.2 
*Cobalt <0.85 <0.05 <0.05 <0.05 <0.05 <4.2 
*Copper 9.78 15.0 10.5 13 1 12.1 J.030 

Iron {total) 10.75 2ZAQ 19.70 15.52 18.30 1.557 
*lead 0.13 0.42 0.26 0.28 0.27 2_3_ 
Magnesium 15.47 14.45 11.00 8.40 12.33 1 049 
Manganese 0.30 0.30 0.29 0.48 0.34 29 

*Mercury 0.004 0.012 0.005 0.003 0.008 0.7 
Molybdenum <0.2 <0.2 <0.2 <0.2 <0.2 <17 
Nickel 0.12 0.18 0.13 0.04 0.12 10.2 
Potassium 30.52 37.30 32.00 39.00 34.70 29_.53 

- - - -
Sodium 452.0 728.3 690.3 1,063.0 733 62 400 
Strontium 0.06 0.03 0.07 0.07 0.06 5.1 

*Zinc 1.34 4.72 4.50 2.40 3.24 276 
TSS 9,230 
TS 11,750 

Note: 5-Avera e m li uid and sol ids 
6-Average ppm total sol ids (mg g 
TSS -total suspended sol ids 
TS - total sol ids 

C-24 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: KNIT FABRIC D & F .PLANT E-14 

DESCRIPTION OF SAMPLE:----------------

Liquid Phase Suspended Phase 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 8 0.990 16 14.9 

2 10 0.199 20 10.3 

3 14 0.800 17 6.15 

4 1~ 0.520 18 8.3 

AVERAGE 11 0.620 18 9.9 

REMARKS: 

c-25 



REPORT OF TRACE METALS 

PROJECT NOo 469 

PLANT CARPET D & F PLANT F-10 

LOCATION----------

Sample No. 1 2 3 

Aluminum 2.3 14.7 4.52 
~*Arsenic <0.01 <0.01 <0.01 

Barium < 0.1 < 0.1 <0.1 
*Cadmium - < 0.01 <0.01 <0.1 
*Chromium 0.08 0.14 0.02 
*Cobalt 0.04 0.22 . 0.04 
'*Copper 0.15 0.46 0.15 

Iron (total} 2.02 9.00 2.78 
*Lead <0.1 0.2 <0.1 
Magnesium 0.80 1.43 0.86 
Manganese .· 0.06 0.48 0.03 

*Mercury <0.001 <0.001 <0.001 
Molybdenum <"0.2 - <0.2 
Nickel <0.05 <0.05 <0.05 
Potassium 3.84 4.50 3.80 

- - -
Sodium 59.5 73.3 76.4 
Strontium 0.03 <0.03 <0.03 

*Zinc 1.03 5.20 0.71 
TSS 315 
TS 800 

Note: 5-Avera e m ti uid and solids 
6-Average ppm total sol ids (mg g 
TSS • total suspended sol ids 
TS - total sol ids 
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4 

1.24 
<0.01 
<0.1 
0.1 
0.10 
0.38 
0.50 
19.80 
0.1 
1.97 
0.74 
<0.001 
<0.2 
<0.05 
8.80 

-
84.0 
<0.03 
3.70 

(Unit= PPM) 

5 6 

5.7 7.20 
<0.01 < 12 
<0.1 < 120 
<0.01 <12 
0.08 100 
0.17 '212 
0.32 400 
7.8 9.750 
<0.12 <150 
1.26 1.580 
0.33 412 
<0.001 < 1.2 
<0.2 <250 
<0.05 <62 
5.23 6,540 

73 91.250 
<0.03 <38 
2.66 3 325 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: •CARPET D & F PLANT F-10 . 

DESCRIPTION OF SAMPLE: ---------------------------------

L' id Ph 1QU ase s d d Ph uspen e ase 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 14 0.0946 - -
2 13 0.0484 - -
3 6 0.3520 12 66.8 

4 7 0.2480 11 35.6 

AVERAGE 10 0.1858 11.5 51.2 

-
REMARKS: 

C-27 



REPORT OF TRACE METALS 

PROJECT NOo 469 ----

PlANT CARPET D & F PLANT F-3 

LOCATION ----------------------
Sample No. 1 2 3 

Aluminum 2.63 1.75 3.00 
*Arsenic <0.01 <0.01 <0.01 

Barium <0.1 <0.1 <0.1 
*Cadmium <0.01 <0.01 <0.01 
*Chromium 0.35 0.08 0.143 
*Cobalt <0.05 <0.05 <0.05 
*Copper 0.04 0.02 <0.01 

Iron (total) 1.05 0.40 1.72 
*Lead <0.1 <0.1 <0.1 

Magnesium 3.00 2.20 3.35 
Manganese 0.07 0.02 0.45 

*Mercury <0.001 <0.001 <0.001 
Molybdenum <0.2 <0.2 <0.2 
Nickel <0.05 <0.05 <0.05 
Potassium 2.10 2.10 2.00 

- - -
Sodium 45.4 51.5 56.4 
Strontium 0.03 0.03 0.03 

*Zinc 0.17 1.00 0.18 
TSS T6o 
TS 1,380 

Note: 5-Average ppm I iqu id and sol ids 
6-Average ppm toto I sol ids (mq/g 
TSS - total suspended .;ol ids 
TS - total sol ids 
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2.25 
<0.01 
<0.1 
<0.01 
0.10 
<0.05 
0.03 
0.48 
<0.1 
2.80 
0.03 
<0.001 
<0.2 
<o·.o5 
2.00 

-
71.0 
0.07 
0.04 

(Unit = PPM) 

5 6 

2.40 17.40 
<o.o1 <7 
<0.1 <70 
<0.01 <7 
0.17 123 
<0.05 <36 
<0.03 <22 
0.91 66Q__ 
<0.1 <70 
2.84 2,060 
0.14 101 
<0.001 <0.7 
<0.2 < 145 
<0.05 <36 
2.05 1_L_490 

56.1 41.000 
0.04 29 
0.35 254 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

. PLANT and LOCATION: CARPET D & F PLANT F-3 

DESCRIPHON OF SAMPLE: ---------------------------------

L" "d Ph lQUl ase s d d Ph uspen e ase 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 12 0.00020 14 0.735 

2 ·] 0.00025 - -
3 8 0.00041 23 1.425 

4 9 0.00032 20 0.940 

AVERAGE 9 0.0003 19 1.03 

REMARKS: 

C-29 



REPORT OF TRACE METALS 

PROJECT NOo 469 ----

PLANT YARN AND STOCK D &F PLANT G-10 

LOCATION---------- (Unit = PPM) 

Sample No. 1 2 3 4 5 

Aluminum 0.75 <0.50 <0.50 1.25 <0.75 
'*Arsenic <0.01 <0.01 <0.01 <0.01 <0.01 

Barium <0.1 <0.1 . <0.1 <0.1 <0.1 
*Cadmium <0.01 <0.01 < 0.01 <0.01 <0.01 
*Chromium 0.10 0.04 0.04 0.16 0.08 
*Cobalt <0.05 <0.05 <0.05 <b.05 <0.05 
-.t(opper 0.15 0.10 0.20 0.43 0.22 

Iron (tolal) I 0.67 0.96 ·1.22' 2.24 1.27 
*Lead <o.1 <o.1 <o.1 <o.1 <o.1 
Magnesium 0.94 0.80 0.90 0.74 0.85 
Manganese· 0.01 0.02 0.01 0.02 0.02 

*Mercury <0.001 0.001 <o.oor <0.001' <0.001 
Molybdenum <0.2 <0.2 <0.2 <0.2 <0.2 
Nickel <0.05 <0.05 <o.os <o.os <o.os 
Potassium 3.78 4.38 3.80 5.60 4.40 

- - - -
Sodium 356.1 407.4 408.6 687.0 465 
Strontium <0.03 0 03 <0.03 0._03 <_0.0_3_ 

*Zinc 0.77 0.89 0.58 2.~Q 1.20 
TSS 182 
TS 2,100 

Note: 5-Averc e m li uid and sol ids 
~~rage ppm to.!.a_l.....;s_o...,.lid_s_(:....m....ll<g~g------
TSS - to~al suspended sol ids 
TS - tote I sol ids 

Cr30 

6 

<357 
<_5_ 
<50 
<5 
38 
<24 
105 
605 
<so 
405 
10 
<o.5 
<100 
<24 
2,100 

_22_1.000 

14 
57~ 



Analysis for Chlorinated Hydrocarbons 

. PROJECT NO. 469 

PlANT and LOCATION: YARN AND STOCK D & F PlANT G-10 

DESCRIPTION OF SAMPLE: 
------~-------------------------

L. .d Ph 1QU1 ase s d d Ph uspen e ase 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 6 0.0090 17 3.69 

2 6 0.0063 ' 17 2.50 

3 9 0.0042 20 3.63 

4 7 0.0035 ; 18 3.45. 

AVERAGE 7 0.0058 18 3.32 

REMARKS: 

0 c-31 



REPORT OF TRACE METALS 

PROJECT NO. 469 ----

·PLANT YARN AND STOCK D&F PLANT G-3 

LOCATION----------

Sample No. 1 2 3 

Aluminum 1.14 3.50 4.76 
*Arsenic <0.01 <0.01 <0.01 

Barium <0.1 <0.1 <0.1 
~*Cadmium <o.o1 0.01 0.01 
*Chromium 0.02 0 06 0 04 
!*Cobalt <o.o5 <o.n5 . < 0.0.11 
*Copper 0.28 0.75 0.60 

Iron (total) 1.78 5.03 5.M 
*Lead < 0.1 <o.1 <0 .. 1 
Magnesium 12.50 8.40 7.35 
Manganese 0.08 0.18 0.22 

*Mercury 0.001 0.002 <0.001 
Molybdenum <o.2 <o.2 <a.2 
Nickel <o.o5 <o.o5 <o.os 
Potassium 4.64 12.28 7.62 

- - -
Sodium 277.0 666.6 564.7 
Strontium 0.14 0.03 0.07 

*Zinc 6.00 5.28 0.52 
TSS 129 
TS 1,230 

Note: 5-Avera e m fi uid and solids 
6-Average ppm total sol ids (mg g 
TSS - total suspended sol ids 
TS -total sol ids 
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4 

1.75 
<0.01 
<0.1 
<o.o1 
0.01 
<n.o.ll 
0.43 
1.3R 
<o .. 1 
5.06 
0.10 
0.001 
<o.2 
<o.os 
12.00 

-
937 
0.07 
0.21 

(Unit= PPM) 

5 6 

2.80 2 .. 276 
<0.01 <8.13 
<0.1 <81.3 
<n_Ol <R 1~ 
0.03 24.4 
<o.o5 <40.65 
0.52 423 
3.~ ?.711) 

<o .1 <81.3 
8.33 6.772 
0.15 122 
<0.001 <0.813_ 
<o.2 < 16.23 
<o.os <40.65 
9.14 7_.431 

611 497;000 
0.08 65.0 
3.00 2,439 



Analysis for Chlorinated Hydrocarbons 

PROJECT NO. 469 

PLANT and LOCATION: Y A'RN AND STOCK D & F PLANT G-3 

DESCRIPTION OF SAMPLE: ---------------------------------

L. . d Ph 1QU1 ase s d d Ph uspen e ase 
No. of No. of 

SAMPLE NO. Compounds ppm Compounds ppm 

1 8 0.0093 22 61.6 

I 

2 10 0.0350 - -
3 5 0.0980 10 92.3 

4 7 0.0850 . 12 76.5 

AVERAGE 7.5 0.0568 14.7 76.8 

REMARKS: 

C-33 



APPENDIX D 

PARI'IAL LISTING OF THE CHEMICALS M)ST USED 
IN THE 'lEcr'ILE INDUSTRY 

Chemical 'IyPe 

acids 

alkalies 

bleaches 

adhesives and polyrrers 

cross-linking agents 

carbonizing agents for wool 

oorxll. tianers 

catalysts 

detergents, soaps, dispersing 
agents 

dye assistants, carriers, 
accelerants 

E:xarrples 

acetic, fonni.c, hydrochloric, sulfuric 
and oxalic 

rcono-, di-, and triethanolamines, 
sodiun carbonate, sodium hydroxide and 
sodi un netasilicate 

sodium hypochlorite, hydrogen peroxide, 
sodiun pemorate, sodium chlorite and 
peracetic 

polyvinyl acetate, polyacrylates and 
mathacrylates, polyvinyl aloohols, polyvinyl 
chloride, cqx:>lyrrers of acrylonitrile, 
butadiene, styrene, polyurethanes, 
nodified starch ethers and natural rubber 
latices 

urea fornaldehydes, fonnalOehyde, cyclic 
ethylene urea fonnaldehyde and nethylol 
caibanates 

almdnun chloride and sulfuric acid 

ethylene glycol, propylene glyool and 
glycerine 

diamronium phosphate, magnesium chloride, 
calcium chloride, zinc nitrate and zinc 
chloride 

alkyl az:yl sulfonates, alkane sulfates, 
Sodi\:m and amine soaps, alkyl phosphate 
salts, sodium polyphosphates, polyethylene 
oxide and polypropylene oxide condensates, 
sodium and potassium soaps - oleate, stearate 

trichlord::lenzene, butyl benzoate, ortho 
phenylphenol, biphenyl, methyl salicylate, 
alkylated naphthalenes and mixed chlorinated 
araratics 

D-1 



Chemical Type 

flanE retardants 

che:nical finishes 

solvents 

6\J.S. GOVERNMENT PRINTING OFFICE: 1976 340-848/7Z 1-3 

Exai!ples 

polyvinyl chl.oride curl tin oxide, chlorinated 
paraffins and waxes and tin oxide, 'IHPC
tetrakishydraxyrcethyl phosphonium chloride, 
tris debrarprcpyl phosphate, annoniun 
sulfamate, annoniun branide, annoniun 
phosphate, thiourea, cqx:>lyners of vinyli
dene chloride, tetrabraoo bis phenol and 
cqx>lyrners of acrylali.trile and vinyl 
chloride 

polyethylene and polypropylene-softeners, 
polyneric hand builders, quaternary am
rroniurn long chain aliphatics-softerers, 
silicon fluids-lubricants, siloxane polyrrers
water repellants and polyperfluoro chemicals
water and oil repellants 

trichl.oroethane, perchloroethylene, dioxane, 
butyl carbital, butyl cellosolve and 
stoddard solvent-petroleum distillate 

va1419 
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